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PEE F ACE 


The present translation of Dr. E. Warming’s Saandhog i den 
Sysiematiske Botanik is taken from tke text of tbe 3rd Danish 
Edition (1892), and from Dr. Knoblancli’s German Edition (1890), 
and the book has been further enriched by numerous additional 
notes which have been kindly sent to me by the author. Dr. 
Warming’s work has long been recognised as an original and 
important contribution to Systematic Botanical Literature, and I 
have only to regret that the pressure of other scientific duties 
has delayed its presentation to English readers. Dr. Warming 
desires me to record his high appreciation of the careful transla* 
tion of Dr. Knoblauch, and his obligation to him for a number of 
corrections and improvements of which he has made use in the 3rd 
Danish Edition, In a few instances Iliave made slight additions 
to the text : these, however, appear as footnotes, or are enclosed 
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the .systems more familiar to English students. In any rearrange- 
ment much of the significance of Dr. Warming’s Talnable and 
original observations would have been lost, and also from a 
teacher’s point of view I have found this .system of great value. 
Although at present it may not be completely satisfactorr yet as 
an attempt to explain the mutual relationships, development and 
retrogres.sion of many of the orders, it may be considered to have 
a distinct advantage over the more artificial systems founded 

irelfe ' GamopetalaB, and 

With reference to the principles of the systematic arrangement 
a opted, may here insert the following brief communication 

toTuotrf Tl me 

quote from the preface of Dr. Knoblauch’s edition Each 

oim which, on comparative morphological considerations ' is 

learly less simple, or can be shown to have arisen by reduction 

struZe or fundamental 

, , . ’ ^ further differentiation and division of 

labour IS found, will be regarded as younger, and as I as 
possible and so far as othfer considerations will admit will be 

petal'e ilfo«L 7 .7 ’ Sympetalie, Ohori- 

petals Monoctyledones are, therefore, treated last, the Hydro 

cUrUace. are considered la.st under the Helolie.., etc. ZvoOMc^t v 

younger han Aca..OMOHrHv ; the Scifarr^ine. and ^2 

therefore follow after the the <?.. 7.7 • “ 

Qriirt T* . */ 5 op]iulciT%(ic 6 ce after tlip 

Solanacece, Unaria after Ve,-hascum etc En,„ 

iudicate younger tvnes tl !. with united ik^s 

younger types than those with free leat-nc i x, 
Sympetalm come after the ^7. -77 ’ 

* s younger, for example, than Higiialis and Antir- 
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rUnum, these again as younger than Scrophularia ; Fer^ascMW, on 
the contrary, is the least reduced, and therefore considered as the 
oldest form. Similarly the one-seeded, nut-fruited BanuncuUcem 
are considered as a later type (with evident abortion) than the 
many-seeded, folicular forms of the Order; the Paronychiem and 
OhanopodiacecR as reduced forms of the Alsineis type ; and the 
occurrence of few seeds in an ovary as generally arising through 
reduction of the many-seeded forms. The Oyperacece are regarded 
as a form derived from the Jimcacece through reduction, and 
associated with this, as is so often the case, there is a complication 
of the inflorescence ; the Dipsacaeem are again regarded as a form 
proceeding from the Valerianacem by a similar reduction, and 
these in their turn as an off-shoot from the Caprifoliacece, etc. Of 
course these principles of systematic arrangement could only be 
«,nnHed verv generally; for teaching purposes they have often 
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Page 9, line 12 from top, for Hydrodicton read Ilydrodiciyon. 

„ 14, lines 1 and 2 from top, for as in the preceding case read in this case, 
,, 14, ,, 2 and 15 from top, for zygote I’ead oospore, 

,, 88, line 15 from bottom, for Pei'iphyses xecid periphyses, 

j» 124, ,, 7 ,, ,, for Chmromyces read Choiromyces, 

„ 142, ,, 2 „ „ and in Fig. 137, for Bmmyces read Btcornyces, 

,,152, „ 2 „ top, for Pmfs read P^/n/s. 

„ 152, ,, 5 ,, ,, for Grategus read Cratcegiis. 

,, 216, Fig. 21e3, for Salvina read Salvinia, 

„ 306, line 6 from top, for Pisia read Pfstm. 

„ 316, ,, 26 ,, ,, after Draceena insert a comma. 

„ 337, „ 13 „ „ ioi end veo^d beginning. 

„ 483, „ 11 „ bottom, for Lagerstroimia read Lagerstrccmeria. 

For a. 0 and u read se, ce and ne throughout. 

The following are not of6oinal in the British Pharmaoopceia :-page 3ie 
Dractem {ptason’s-hlooi), Smilax glalra^ p. 321, “ Orris-root ” ; p. 326, specie 
of Curcuma, Alpinia offieimrum ; p. 333, Orc/iis-speoies (“ Salep On pan 
296, par. i, only Pearl Barley is oiiic. in the Brit. Phar. 


CLASSIFICATION OF THE YEGETABLE KINGDOIL 


The Vegetable Kingdom is arranged in 5 Divisions. 

Division I. — Thallophyta, Stemless Plants, or those which 
are composed of a thallns/’ t.e. organs of nourishment which 
are not differentiated into root (in the sense in which this term is 
used among the higher plants), stem, or leaf. Vascular bundles 
are wanting. Conjugation and fertilisation in various ways; 
among most of the Fungi only vegetative multiplication. 

lu contradistinction to the Thallophytes all other plants are called “ Stem- 
plants” (“ Cormophyta ”), because their shoots are leaf-bearing stems. The 
name Thallophyta (Stemless-plants) is to some extent unsuitable, since many 
of the higher Algae are differentiated into stem and leaf. 

The Thallophytes are again separated into sub-divisions, 
namely: ■ ■ • ■ • 

Sab-Division A.— Myxomycetes, Slime-Fungi, with only 1 

class. 

Sub-Division B. — Algae, with 10 classes: 

Class 1. Syngeneticaj. 

„ 2. Dinoflagellata, Peridinea. 

„ 8- Diatomeoe, Diatoms. 

,, 4. Schizophyta, Fission Alga?. 

„ 5. ConjugatiB. 

„ 6. Chlorophyceas, Green Algae. 

„ 7. Characeju, Stone-worts. 

„ 8, Phaeophycese, Brown Algae. 

„ 9. Die tyo tales. 

„ 10. Rhodophycece, Red Algae. 

Sub-Division C. — Fungi, with 8 classes; 

Class 1. Phycomycetes. 

„ 2. Mesomycetes. 

„ 3. Mycomycetes, Higher Fungi. 

Division IL-— Bryophyta or Muscineae, Mosses. These 
have leaf-bearing shoots, but neither true roots noi* vascular 
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bundles. The lowest Mosses have, however, a thalins. Fertili- 
sation is accomplished by means of self-motile, spirally coiled 
spermatozoids, through the agency of water. From the fertilised 
oosphere a “fruit-body” (capsule) with unicellular organs of 
reproduction (spores) is produced. The spore on germination 
gives rise to the vegetative system, which bears the oi*gans of 
sexual reproduction ; and this system is divided into two stages 
— the protonema, and the leaf-bearing plant produced on it. 

Alternation of generations : 

I. The protonema and the entire nutritive system which 
bears the organs of sexual reproduction. 

IL The capsule-like sporangium, with spores. 

2 Classes : 1. Hepaticse, Liverworts. 

2. Musci, Leafy Mosses. 

Division III. — Pteridophyta or Vascular Cryptogams, 
Fern -like Plants having leaf-bearing shoots, true roots, and 
vascular bundles with tracheides and sieve-tubes. Fertilisation 
as in the Mosses. From the fertilised oosphere the leaf-bearing 
shoot arises, which bears on its leaves the reproductive organs, 
the spores, in capsule-like sporangia. From the germination of 
the spore a small prothallium is formed, which bears the sexual 
reproductive organs. 

Alternation of generations : 

I. Prothaliium with organs of sexual reproduction. 

II. Leaf-bearing shoot with capsule-iike sporangia. 

Classes: 1. FilicinaB, True Ferns. 

2. Equisetinje, Horsetails. 

3. Lycopodinae, Club-mosses. 

Division l\ . Gymnospermae. The vegetative organs are in 
the main similar to those in the 3rd Division ; special shoots are 
modified into flowers for the service of reproduction. From the 
oosphere, which is fertilised by means of the pollen-tube, the 
leaf-bearing plant is derived; this passes the first period of its 
life as an embryo in the seed, and continues its development when 
the germination of the seed takes place. The organs correspond- 
ing to the spores of the two preceding* Divisions, are called respec- 
tively the pollen-grain and emhryo-sac. The pollen-grains are 
multicellular ; they contain an indistinct prothallium. In the 
embryo-sac a prothaliium, rich in reserve material (endosperm), 
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with, female organs of reproduction, is developed BKFOitE fer- 
'ITLTSATION. The polleii-grains are carried by means of tlie wind 
to the ovules; these enclose the embrjo-sac, and are situated on 
the open fruit-leaf (carpel), which has no stigma. 

Alternation of generations : 

1. Prothallium = Endosperm in ovule. 

II. Leaf- bearing plant, with flowers which produce the pollen- 
sac and ovule. 

3 Classes: 1. Cjcadeoe. 

2. Coniferiie. 

3. Gnetacea?. 

Division V".— -Angiospermse. The members of this group are 
very similar to those of Division lY. The ovule.s are, however, 
encased in closed fruit-leaves (ovary), which liave a special portion 
(stigma) adapted for the reception and germination of the pollen- 
grains. The pollen-grains are bicellular, but with only a mem- 
brane separating the two nuclei ; they are carried to the stigma 
by animals (chiefly insects), by the wind, or by some otlier means. 
Endosperm is not formed till after fertilisation. Alternation of 
generations in the main as in the Gymnospeimls, but less distinct ; 
while the sexual generation, the prothallium, with the organs of 
fertilisation, is also strongly reduced. 

2 Classes : ^ 1. Monocotyledones. Embryo with one seed-leaf. 

2. Dicotyledones. Embryo with two seed-leaves. 

For a long time the vegetable kingdom has been divided into Gri'ptooams (so 
called because their organs of reproduction remained for some time uudis- 
covered), and Phanerogams or Flowering-plants which have evident sexual 
organs. 

The first three divisions belong to the Cryptogams, and the third and fourth 
divisions to the Phanerogams. This arrangement has no systematic value, but 
is very convenient in many ways. 

The Cryptogams are also known as Spore-plants, since they multiply by 
unicellular organs (spores), and the Phanerogams in contradistinction are 
called Seed-plants (Spermaphyta), since they multiply by seeds, multicellular 
bodies, the most important part of which is the embryo (a plant in its 
infancy). Mosses, Ferns, and Gymnosperms are together known as Arche- 
goniatfe, fince they possess in common a female organ of distinct structure, 
the Archegonium. 

1 See Angiospermse. 
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division I. 

thallophyta. 

The tlnllus in the simplest forms is unicellular; in the maiority 
, 1 ft is hailt up of many cells, which in a few instances 

however, it is bunt up j division of labour, so 

ex»c,lj .imiUr ; bu f 

that certa.n ^ '4 daereitt »i>* ...d co.xetpondin)! 

rS;'Te,».. » stoita- t:;: 

SSr!i.S,Tei'org.-.f 

.o™, .h. .h.n» b. 

Vi: 

»d g»wtb, *“ r’sT.wid "“.“."th” 

tL, th. rtd rrrd»:; 

rrbe::rr,s"^ 

between stem and leaf, so that they must be distinguished .y 

orthe same structure and development as m the Seed- 
ptots are not found, but orga 1 ^s of attachment (rhizoids and 
haptera) serve partly the biological functions , ^3 

IvsTEMATic nmsiON OP THE Thau.ophytps. lo the TM’ 

■bplono* three siib-divisions — Slime-1 uBgi, Algse, • ^ j 

formerly the Thallophytes were divided into Alg®, 

Lichens. But this last gi’oup must be placed among 

since they are really Fungi, which live symbiotically with Alg • 
The SUme-Fungi must be sepamted from the true ‘ 

Istinct sub-division. The Algce possess a colouring 
which is generally green, brown, or red, and by mean^o w ic 
they are able to build up organic compounds from caibonic 
and water. The Bacteria, especially, form an exception to the 
Al-« in this respect; like the Fungi and Slime-Fungi they have 
as a rule no such colouring material, but must have organic cai- 
boiiaceous food ; these plants form no starch, and need no ig 
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fot tlieir yegetation (most Fungi require light for fructification). 
The Mjxomycetes, Bacteria, and Fungi derive their nourish- 
iiient either as saprophytes from dead animal or vegetable matter, 
or as parasites from living animals or plants (hosts), in which they 
very often cause disease. 

A remark, however, must be made with regard to this division. Among tbe 
higher plants so much stress is not laid upon the biological relations as to divide 
them into “ green ” and “ non-green”; Cuscuta (Dodder), a parasite, is jjlaeed 
among, the Convolvulace®, NeotUa und OorallorJiha^ saprophytes, belong to the 
Orchidaeeffi, although they live like Fungi, yet their relations live as iYlga?. In 
the same manner there are some colourless parasitic or saprophytic forms among 
the Algge, and stress must be laid upon the fact that not only the Blue-green Algse, 
but also the Bacteria, which cannot assimilate carbonic-acid, belong to the Alga? 
group, Schizophyceae. The reason for this is that systematic classifications must 
be based upon the relationship of form, development, and rei3roduction, and from 
this point of view we must regard the Bacteria as being the nearer relatives of 
the Biue-green Algte. All the Thallophytes, which are designated Fungi (when 
the entire group of Slime-Fungi is left out), form in some measure a connected 
series of development which only in the lower forms (Phycomycetes) is related 
to the Alg®, and probably through them has taken its .erigin from the Alga^ ; the 
higher Fungi have then developed independently from this beginning. The 
distinction of colour referred to is therefore not the only one which separates the 
Algae from the Fungi, but it is almost tbe only cbaraeterisiic mark by which 
we can at once distinguish the two great sub-divisions of the Thallophytes. 

The first forms of life on earth were probably “ Protistfe,” which had assimi- 
lating colour material, or in other words, they were Algie because they could 
as dmilate pui’ely inorganic food substances, and there are some among these 
which belong to the simplest forms of ail plants. Fungi and Slime-Fungi must 
have ax)peared later, because they are dependent on other plants which assimi- 
late carbon.^ 


Suh-Dwisioji I.~-~MYX01VIYCETES, SLIME-FUNGI. 

The Slime-Fungi occupy quite an isolated position in the 
Vegetable Kingdom, and are perhaps the most nearly related to 
the group of Bhizopods in the Animal Kingdom. They live in and 
on organic remains, especially rotten wood or leaves, etc., on the 
surface of which tlieir sporangia may be found. 

They are organisms without chlorophyll, and in their vegetative 
condition are masses of protoplasm without cell- wall (plasmodla) . 
They multiply by means ol spores, which in the true Slime-Fungi 

^ According to the recent investigations of Winogradsky some micro-organisms 
(Nitrifying-bacteria) can build organic from Inorganic matter. Sachs’ hypothesis 
that the first organisms must necessarily have contained chlorophyll is there- 
fore untenable. 

2 Myxogasteres, Bugler’s Syllabus, p. 1. 
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but in some others ^ foee. The spores 
which in all the true Slime-Fungi are 
The wall bursts on germination, and 
,n the water which is necessary for 
I about with swimming and hopping 
(e, /), having a cilia at the front end and 
us and a pulsating vacuole. Later on 


Fig 1 Development of from spore to lU:yxamoeba ; a-m are magnified 

390 times ; w is a Hyxamoeba of Lyeogala cpidendron ; V three Myxamoebse of Physarum 
<dhum about to unite; o, a small portion of plasmodium, magnified 90 times. 

they become a little less active, and creep about more slowly, while 
they continue to alter their form, shooting out arms in various 
places and drawing them in again {g, h, % k, I, m) ; in this stage 
they are called Myxamoebce. 

The Myxamoeba grows whilst taking up nourishment from the 
material in which it lives, and multiplies hy division. At a later 
stage a larger or smaller number of Myxamoehse may be seen to 
1 Acrasieae and Plasmodiophorales, ibid. 





coalesce and form large masses of pi-otoplasm, jsZasmodtti, winch 
in the “Flowers of Tan” may attain the size of the palm of a 
hand, or even larger, but in most others are smaller. The phis- 
modia are independent, cream-like masses of protoplasm, often 
containing grains of carbonate of lime and colouring matter (the 
latter yeWw in the Mowers of Tan). 

They creep about in the decaying matter J 

in which they live, by means of amoeboid 1 

movements, internal streamings of the pro- 9 
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2.— The Plasmodium (ffl) cum- 

ueuciiig to form into sporangia {h} ; drawn on July 9. 

L’lie dark-hrowii sporangia were completely formed by 
he next morning ; c-e shows the development of their 
sxternal form. ^ M 

’oplasm continually taking place ; finally 
}li6y creep out to tlie surface, and very 
3 ften attach themselves to other objects, 
such as Mosses, and form spoi-angia (Fig. 

i). These are stalked oi* sessile and are Fig-. 4.--Spora-ngium of Aj'- 
Generally cylindrical (Fig. 3), spherical cyviu mcanmia.. B closed; c 

^ .X n 1 open : 2> wall of sporangium ; 

Di* pear-shaped (h ig. 4) ; they rarely attain capiiitium. 
a larger size than that of a pin’s head, and 

we rk, brown, white, blue, yellow, etc., with a very delicate wall. 
In some genera may be found a “ Capillitinm ” (Fig, 4 cp), or net- 
work of branched fine strands between the spores. Flowers of 
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Tan (Fuligo septica) h 2 ^s a fruit-body composed of many sporangia 
(an ^thalinra), which has the appearance of flat, irregular, brown 
cakes, inside the fragile external layer of which a loose powder, 
the spores, is found. It generally occurs on heaps of tanners bark, 
and appears sometimes in hot-beds in which that material is used, 
and is destructive by spreading itself over the young’ plants and 
choking them. 

All the motile stages may pass into resting stages, the small forms 
only surrounding themselves with a wall, but the large ones at the 
same time divide in addition into polyhedral cells. hen favour- 
able conditions arise, the wmlls dissolve and the whole appears 
again as a naked (free-moving) mass of protoplasm. 

To the genuine Slime-Fungi belong : Arcyria, Trichia, Fidymium, 
Fhysantm, Stemonitis, Ly cogala, Fuligo, Bpuniao'ia, lieticularia. 

Some genera wanting a sporangium-wall belong to the Slime- 
Fungi : Ceratiomyxa, whose fruit-body consists of polygonal 
plates, each bearing stalked spores ; Fictyostelium, in which the 
swarm-stage is wanting and which has stalked spores. Flas- 
modio’pliora hrassioce preys upon the roots of cabbages and other 
cruciferous plants, causing large swellings. FI. alni causes 
corahshaped outgrowths on the roots of the Alder (Alnus). 
Fliytomyxa leguminosarum may be found in small knobs (tubercles) 
on the roots of leguminous plants. It is still uncertain whether 
it is this Fungus or Bacteria which is the cause of the formation 
of these tubercles. 


SuFFivisio7i II. — ALG-^. 

Mode of Life. The Algse (except most of the Bacteria) are 
themselves able to form their organic material by the splitting 
up of the carbonic acid contained in the water, or air in some 
cases, and for this purpose need light. The majority live in 
water, fresh or salt, but many are present on damp soil, stones, 
bark of trees, etc. 

With the exception of the Bacteria, no saprophytes have actually 
been determined to belong to this group, and only veiy few 
true parasites (for instance, Fhyllosiphon arisari, Mycoidea, etc.), 
but a good many are found epiphytic or endophytic on other Algje, 
or water plants, and on animals (for instance, certain Schizophycecv 
and Frotococcoidem ; TrichopMlus welckeri in the hairs of Bradypus, 
the Sloth), and several species in symbiotic relation to various 
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Fangi (species of Liclien), to Sponges {e.g. Trentepohlia spongio- 
phila, Stmvea delicatula), and to sundry Infusoria and otlier 
lower animals as Radiolarias, Ilydra^ etc. (the so-called Zooclilorella 
and Zooxantella, -which are perhaps partly stages in development 
of various Green and Bro wn Algae). 

Vegetativ Organs. The cells in all the Algce (excepting 
certain reproductive cells) are surrounded by a membrane wliicii 
(with the exception of the Bacteria) consists of pure or altered 
cellulose, sometimes fox*ming a gelatinous covering, at other times 
a harder one, with deposits of chalk or silica formed in it. The 
cell-nucleus, which in the Scliizophyta is less differentiated, may 
be one or more {e.g. Ilydrodlcimi, Siphonece) in each cell. Except- 
ing in the majority of the Bacteiua, colour materials (of which 
chlorophyll, or modifications of it, always seems to be found) occur, 
which either permeate the whole cytoplasm surrounding the cell- 
nucleus, as in most of the coloured Scliizophyta, or are con- 
tained in certain specially formed small portions of protoplasm 
(chromatophores). 

The individual at a certain stage of development consists nearly 
always of only one cell ; by its division multicellular individuals 
may arise, or, if the daughter-cells separate immediately after the 
division, as in many of the simplest forms, the individual will, 
during the whole courae of its existence, consist of only a single 
cell (unicellular Algae). In multicellular individuals the cells 
may be more or less firmly connected, and all the cells of the 
individual may be exactly alike, or a division of labour may take 
place, so that certain cells undertake certain functions, and are 
constructed accordingly ; this may also occur in parts of the cell 
in the large nnicellular and multinuclear Algee (Siplionese, p. 62). 

The cells in most of the Alg(B belong to i\i% parenchymatovs form ; 
these, however, in the course of their growth, may very often become 
somewhat oblong; in many Algse (particularly Fucoidem and 
Floridea*) occur, moreover, hyphm-like threads, which are very long, 
often branched, and are either formed of a single cell, or, more 
frequents, of a row of cells, having a well-pronounced apical 
growth. The parenchymatous as well as the hyphm-like cells 
may, in the higher Algm (especially in certain Fucoideie and 
Floridese), he further dilferentiated, so that they form well- 
defined anatom ico-physiological systems of tissue, i,e. assimilating, 
conducting, storing, and mechanical. 

With regard to the external form, ;the thailus may present no 
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differeiitiatiorij as in many nnicellular Algso, or in nniltieellnlar 
Algas of the lower order, which are then either equally developed 
in all directions (e,^. Fleurococcus, Fig. 47), or form fiat cell-plates 
(Merismopedium) or threads (Oscillaria, Fig. 21). The first step in 
the way of dilferentiation appears as a difference between apex 
and base (^Fividtiria, Porphyo'a) ; but the division of labour may 
proceed so that differences may arise between vegetative and 
reproductive ceils ((Edogonium^ Fig. o4) ; hairs and organs of 
attachment (rhizoids and haptera), which biologically serve as 
roots, are developed, and even leaves in certain forms of high 
order, belonging to different classes {e,g. Caulerpa^ Fig. 59 ; 
Characece^ Fig. 61 ; Sargasstim^ Fig. 72 ; and many Floridem). 

The nonsexual reproduction takes place vegeiatively, in 
many instances, simply by division into two, and more or less com- 
plete separation of the divisional products (Diatomacese, Desmi- 
diaceje (Fig. 86), many Fission-plants, etc.), or by detached portions 
of the thallus {e.g.Caulerpa^ Uka lactuca, etc. ; among many Schizo- 
phycese, small filaments known as liormogonia are set free), or 
asexnally by special reproductive cells (spores) set free from the 
thallus ; these may be either stationary or motile. The stationai'y 
reproductive cells (spores) may either be devoid of cell- wall (te- 
traspores of the Florideie), or may possess a cell-w’'all ; in the latter 
case they may be formed directly from the vegetative cells, gene- 
rally by the thickening of the walls (akmetes), or only after a 
process of re-juvenescence (aplanospores) , Aplanospores, as well 
as akinetes, may either germinate immediately oi‘ may become 
resting-cells, which germinate only after a period of rest. 

The motile asexual reprodl-ctivh: cells are spherical, egg- or 
pear-shaped, naked, swarmspores (poospores)^ which have arisen in 
other cells (zoosporangia), and propel themselves through the 
water by means of cilia ; or they are PJiyto-Amoehce, which have no 
cilia and creep on a substratum by means of pseudopodia. The 
cilia, which are formed from the protoplasm (in the Bacteria, 
however, from the membrane), are mostly situated at the pointed 
and colourless end, which is directed forwards when in motion, 
and are 1, 2 (Fig. 5 P), 4 or more. Both the cilia in the Brown 
Algae are attached to one side (Fig. 65)*, they are occasionally 
situated in a circle round the front end (CEdogonium, Fig. 6 a, 
and Berhesia), or are very numerous and situated in pairs dis- 
tributed over a, large part or nearly the whole of the zoospore 
(Vauclieria), Besides being provided wfitli one or mox’e nuclei 
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(Vaticheria), they may also have a red *‘eye spot’’ and vacu- 
oles, which are sometimes pulsating, Le. they appear and re- 
appear at certain intervals. The swarmspores move about in 
the water in irregular paths, and apparently quite voluntarily, 
revolving round their longer axes ; but they come to tbe sur- 
face of tbe water in great numbers either because of their 
dependence on light, or driven by warm currents in the 
water, or attracted by some passing mass of food materral. 
Tbe swarmspores germinate, each forming a new plant, as their 
movement ceases they surround themselves -with a cell-wall, 
grow, and then divide ; in Fig. 6 5, two may be seen in the con- 
dition of germination, and about to attach themselves by means 
of the front end, which has been developed into haptera (see also 
Fig. 5 lowest figure). 


The sexual reproduction here, probably in all cases, con- 
sists in the coalescence of two masses of protoplasm, that is, in 
the fusion of their nuclei. 

The simplest and lowest form is termed conjugation, orisoga- 
mous fertilisation, and is characterized by the fact that the two 
(joalescing cells (termed gametes) are equal, or almost equal, in shape 
and size (the female gamete in the GutleriacecBy e.(j, Zanardinia 


Fig. 5.-~Clado2->nora glomcrata. A The lower cells are 
full of swarmspores, whilst from the upper one the 
greater part have escaped through the aperture w. 
B Free and germinating swarmspores. 


Fig. 6 . — (Eclogoniuni : 
(free), b germinating swarm- 
spores. 





collaris, Fig. 7, is considerably larger tlian the male gamete). The 
cell in which the gametes are developed is called a gametmigium, 
and the reproductive cell formed by their union— which generally 

has a thick wall and only 
^ . germinates after a short 

8 ,^ ^ . I period of rest — is termed a 

^ 1 zy 9 ^>s]pore. The con- 

W ^ Pgation takes place in two 

U 11 one way the 

l'4 'S R ^ gametes are motile cells 

1 1 11 I 11^^ J I * ( pkmogametes, zoogametes, 

y / ^)i which unite in 

D ■ pairs during their swarming 

^ hither and thither ' in the 
water; during this process 
1C they lie side by side (Fig.Sd), 

generally at first touching at 
^ the clear anterior end, and 

Fi&. T.—Zanardinia co'tlaris. A Male game- after a time they COaleSCe 
tatjgia (the small-celled) and female gametangia t , j.* i ^ 

(lar^e-Lled). CFemalega«.ete. BMalega«.ete. and become a motionless zy- 
B E Fertilisation. F Zygote. 6f Germinating gote, which SUrrOUnds itself 

with a cell-wall (Fig. 8 e). 
This form of conjugation is found in TJlothrix (Fig. 8 d), Acetahu’ 
larla, and other Algte (Figs. 45, 56, 66). 

(5) Among other Algae {e.g, Diatoinacem and Covjugatce), the 
conjugating cells continue to be surrounded by the cell -wall of 
the mother-cell (aplanogametes in an aplanogametangitim) ; the 


Fig. S.—TJloihvi^ zonata: a portion of a thread with zoospores, of which two are formed 
in each cell (z oosporangium), the dark spots upon them are the red eye-spots ; 1, 2, 3, 
4 depict successive stages in. the development of the zoospores ; h a single zoospore, at v 
the pulsating vacuole j o portion of a thread with gametes, of which sixteen are formed in 
each gametangium ; 05 gametes, free and in conjugation j e conjugation has been effected, 
and the formed zygotes are in the resting condition. 






aplanogamefcangia generally grow out into short branches, which 
He close together and touch one another, the wall at the point 
of contact is then dissolved (Fig. 39). Through the aperture thu.s 
formed, the aplanogametes unite, as in the first instance, and 
form a rounded zygote, which immediately surrounds itself with 
a cell- wall. Various modifications occur; compare Figs. 37, 39, 
41,43. 

The highest form of the sexual reproduction is the Egg- or 
Oogatnous fertilisation. The two coalescing cells are in the main 
unlike each other in form as well as size. The one which is con- 
sidered as the male, and is known as the spermatosoid {antherozoid), 
developes as a rule in large numbers in each mothor-oell (aiitheri- 


Fig. 9.— Fei’tilisation in the Bladder- 
wrack {Fucus vesiculosiis). 

dinm); they are often self- 
motile (except in the Flori- 
dejB, where they are named 
spermatia)^ and are many 
times smaller than the other 
kind, the female, which is 
known as the egg -cell 

(oosphere). The egg-cell is Fis. io.-Sp;.«ropZm a«n.uH«a. 

always a motionless, spheri- o ^ • mj 

cal, primordial cell which can either float about freely in the 
water, as in the Fucacese (Fig. 9), or is surrounded by a cell-wa 1 
{oogonium ) ; generally only one oosphere is to be found m each 
oogonium, but several occur in (Fig. 10). le re- 



Class 1. Syngeneticas. 

The individuals are nni- or miilfci- cellular, free-swimming or 
motionless. The cells (which in the multicellular forms are loosely 
connected together, often only by mucilaginous envelopes) are naked 
or surrounded by a mucilaginous cell- wall, in which silica is never 
embedded. They contain one cell-nucleus, one or more pulsating 
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suit of the spermatozoid coalescing with the egg-cell is, as in 
the preceding case, the formation of a zygote, w^hich generally 
undergoes a period of rest before germination (the Floridese are 
an exception, a fruit-body, cystocarp, being produced.as the result 
of coalescence). 

An example of fertilisation is afforded by the Alga, Splmroylea annulina (Fig, 
10). The filamentous thallus is formed of cylindrical ce Is with many vacuoles (r 
in A) ; some cells develope egg-cells (B), others spermatozoids (0), the latter in 
a particularly large number. The egg-cells are spherical, the spermatozoids of 
a club* or elongated pear-shape with two cilia at the front end (G ; is however 
a swarmspore). The spermatozoids escape from their cells through apertures in 
the wall (o in C) and enter through similar apertures (o in B) to the egg-cells. 
The colourless front end of the spermatozoid is united at first with the “re- 
ceptive spot” of the egg-cell (see jP), and afterwards completely coalesces with 
it. The result is the formation of a zygote with wart-like excrescences (D). 

The female (paTthenogenesis) or male (and r agenesis) sexual cell 
may, sometimes without any preceding fertilisation, form a new 
individual (e.p'. Ulothrix zonata, Gylin drocapsa, etc.). 

Systematic division of the Algse. The Algse are divided 
into the following ten classes : 

1. Syngrneticjc ; 2. Dinoflagellata, or Peeidtnea; 3. Dtato- 
MACEiE ; 4. SCHIZOPHYTA, PiSSION-ALGiE ; 5. COT^JUGATJ^ ; 6. ChLOKO- 
PHYCE^., Green- ALGJE; 7. Charace^, Stoneworts; 8. Ph^ophycej] ; 
9. Dictyotales; 10. Rhodophycej!:. 

Among the lowest forms of the Algse, the Syngeneticse, the 
Dinoflagellata, and the unicellular Yolvocacese (Chlamydomonea3), 
distinct transitional forms are found approaching the animal 
. kingdom, which can be grouped as animals or plants according to 
their method of taking food or other characteristics. Only an 
artificial boundary can therefore be drawn between the animal 
and vegetable kingdoms. In the following pages only those forms 
which possess chromatophores^ and have no mouth, will be con- 
sidered as Algse. 
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vacuoles, and one to two band- or plate-like chromatopliores with 
a brow’-n or jellow colour, and sometimes a pjrenoid. 

Reproduction takes place by vegetative division, or asexually by 
zoospores, akinetes (or aplanospores ?). Sexual reproduction is un- 
known. They are all fresh water forais. 

To this class may perhaps he assigned the recently arranged and very 
little known orders of Oalcoci/tacece, Murracijtaceos, XantheUace(e, and 
Dictyocliacem, which partly occur in the 
free condition in the sea, in the so-called 
“ Plankton,” and partly symbiotic in 
various lower marine animals. 



Pig. 1L— S.i/ncvypfrt volvox: the multi- 
cellular individual is surroniuled bj a 
mncilagiuGus granular envelope. 


The Syngeneticm are closely re- 
lated to certain forms in the animal 
kingdom, as the Flagellatee. 

Order 1. Chrysomonadinaceae. In- 
dividuals, uni- or multi-cellular, swim- 
ming in free condition, naked or sur- 
rounded by a mucilaginous covering. The 
cells are generally oval or elongated, with 
2 (rarely only 1) cilia, almost of the same 
length, and generally with a red “ eye-spot” at their base, and with 2 (rarely 1 
only) band-shaped chromatopliores. Eeproduction by the longitudinal divi- 
sion of the individual cells either during the swarming, or during a resting 
stage ; in the multicellular forms also by the liberation of one or more cells, 
which in the latter case are connected together. 

A. Unicellular: Chromvlina^ Cryptoykim, MlerogJena, Nephwselms. 

B. Multicellular : Uroglena, fiynerypta (Fig. 11), Symtra, 

Among the unicellular Chrysomonadinaeem are probably classed some forms 
which are only stages in the development of the multicellular, or of other 
SyngenetkcB. 

Order 2. Chrysopyxaceas are unicellular, and differ mainly from the pre- 
ceding ill being attached either on a slime-thread (Stylo^ 
chrysalis), or enclosed in an envelope {Ghrysopyxis, Fig. 

12). They have two cilia, and multiply by longitudinal 
{ChnjsopyxU) or transverse division, and the swarming 
of, one of the daughter-individuals (zoospore). Division 
may also take place in a motionless stage (palmeUa-stage). 

Order 3. Dinobryinaceae. The individuals are ori- 
ginally attached, uni- or multi-cellular ; each individual 
cell is distinctly contractile, and fixed at the bottom of a 
ctip-sbaped, open envelope. Cilia 2, but of unequal 
length. Asexual reproduction by zoospores, which are 
formed by straight or oblique longitudinal division of 
the mother-cell, during a palmella-stage which is pro- 
duced in the winter aplauosi3ores. Bpiptjxhr Mnobryoh, 



Pro. 12.— Chrsopyxis 
liipes : m envelope, Pc 
chromatopbore, cv 
contractile vacuole. 
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Order 4. Hydruracea. The individuals are attached, without cilia, multi- 
cellulai, blanched, and with apical growth. The cells are spherical, hut in 
the final stage almost spindle-shaped, and embedded in large masses of mucilage. 
Asexual reproduction by zoospores which are tetrahedric, with 1 cilia, and by 
resting akinetes. Hydrants is most common in mountain brooks. 


Class 2. Dinoflagellata. 

The individuals are of a veiy variable form, but always uni- 
cellular, and floating about in free condition. The cell is dord- 
ventral, bilateral, asymmetric a,nd generally surrounded by a colour- 
less membrane, which has no silica embedded in it, but is formed 
of a substance allied to cellulose. The membrane, which exter- 
nally is provided with pores and raised borders, easily breaks up into 
irregularly-shaped pieces. In the forms which have longitudinal and 
cross furrows, two cilia ai'e fixed where these cross each other, and 
project through a cleft in the membrane - one of these ci\i&projects 
freely and is directed longitudinally to the front or to the rear' the 
other one stretches crosswise and lies close to the cell, often 'in a 
furrow (cross farrow). The chromatophores are coloured brown 
or peen and may either be two parallel (Exuviella), or several 
radially placed, discs, which sometimes may coalesce and become a 
star-shaped chromatophore. The colouring material (pyrrophyl) 
consists, in addition to a modification of chlorophyl, also of phyco- 
pyrrin and peridinm • this colour is sometimes more or less masked 
by the products of assimilation which consist of yellow, red or 
colourless oil (?) and starch. Cell-nucleus one : in Folydinida several 
nuclei are found ; contractile vacuoles many, which partly open in 
the ciha-cleft (Fig. 13 gs). In some an eye-spot, coloured red by 
hsematochrome, is found. Pyrenoids occur perhaps in Exuviella 
an d A MpJiidinium . 

The repuoductiojj takes place as far as is known at present, 
only by division. This, in many salt water forms, may take 
place in the swarming condition, and, in that case, is always 
parallel to the longitudinal axis. The daughter-individuals, each 
of winch retains half of the original shell, sometimes do not separ- 
ate at once from each other, and thus chains {e.g. in Oeratium) of 
several connected individuals may be formed. In others, the 
division occurs after the ciHa.have been thrown off and the cell-con- 
tents rounded. ThedaughtS-cellsthenadoptentirelynewcell-walls, 

A palmella-stage (motionless division-stage) sometimes appears to 
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take place, and also aplanospores (?) with, one or two horn-like 
elongations (^e,g. in Peridiniu'ni cinctum Sbtid P. tahulatum) ] at 
germination one, or after division, two or more, new individuals 
may be formed, , 

Seximl reproduction lias not been observed with certainty. 

The Dinofiagellata move forward or backward, turning round 
their longitudinal axes ; in their motion they are influenced by 
the action of light. The motion possibly may be produced 
only by the transverse cilium, which vibrates rapidly; whilst the 
longitudinal cilium moves slowly, and is supposed to serv^e mainly 
as a steering apparatus. They live principally in salt water, but 
also in fresh. 

Besides the coloured forms, which 
are able to make their own organic 
compounds by the splitting up of the 
carbonic acid contained in the water, 
there are a few colourless forms (e.g, 

Gymnodlnitmisplrale)^ or such as do not 
possess chromatophores (Polykrikos ) ; 
these appear to live saprophytically, 
and maybe able to absorb solid bodies 
with which they come in contact. 

Dinofiagellata occur in the Plank- 
ton ” of the open sea, where they form 
together with Diatomaeem the basis 
for the animal life, It is known with 
certa.inty tliat some salt water forms 
(like the Noctdluca^ which belongs to 
the animal kingdom and to wdiich 
they are perliaps related) produce 
light, kiiOAvn as phosphoi*escence. 



Fig. 13.— a and B Glenodinium 
cinctum. A Seen from the ventral 
aide, B from behind ; fg transverse 
cilium; g longitudinal cilium; eh 
chromatophores; a starch ; u cell- 
imcleus; V vticiiole; oc eye-spot ; 0 
Ceraimm tetmeeros from the ventral 
side ; r the right, h the posterior 
horn; 1/ longitudinal furrow; ga 
cilium-cleft; v vacuole ; g longitudi- 
nal ciliiim. (A and B mag. 450 
times, C 337 times.) 


TJltwjIageUata {FerUlinea, CilioJiageUata) are allied through their lowest form 
(Exudella) to the Syngenetiem and especially to the order Ghrysoinonadinacete. 
They may be divided into three orders. 

Order 1. Adinida. Without transverse or longitudinal furrows, but en- 
closed in two shells, and with two parallel chromatophores in each ceil. 
Ed'iwieUa.^ Frorocentrum, 

Order 2. Dinifera. With traiiverse and generally longitudinal furrow. Kany 
radially-placed, disc-formed chromatophores. The most common genera are — 
Ceraiium (Fig. 13), Peridinium, Glenodinium (J^, 13), Gyrtimdinimi^ Binophysu. 

Order 3. Polydinida. With several transverse furrows, no chromatophores, 
and '■several cell-nuclei. Only one gemm--FolylmM§* ' 
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The order Pohjdinida deviates in a high degree from the other Binotlagellata, 
not only by its many tranverse furrows, each with its own transverse cilium, and 
by the absence of chromatophores, but also in having several cell-nuclei and a 
kind of stinging capsule, which otherwise does not occur within the whole 
class. It may therefore be questionable whether this order should really be 
placed in the vegetable kingdom. 

Class 3. Diatomeae. 

^ liG inclividiials 6acli known as Bj j^Ttistule — assume vory various 
forms and may be unicellular or multicellular, but jn'esent no 
differentiation; many similar cells may be connected in ebains, 
embedded in mucilaginous masses, or attached to mucilaginous 
stalks. Ihe cells are bi-lateral or centric, often asymmetrical, 
slightly dorsiventral and have no cilia ; those living in the free 
condition have the power of sliding upon a firm substratum. The 
cell contains 1 cell-nucleus and 1-2 plate-shaped or several disc- 
shaped chromatophores. The colouring material “ Melmophyl" 
contains, in addition to a modification of chlorophyl, a brown 
colouring matter, diatomin. 1 or 2 pyrenoids sometimes occur. 
Stai'ch is wanting and the first product of assimilation appears to 
be a kind of oil (‘t’). 

The cell-walls are impregnated with silica to such a degree that 
they are imperishable and are therefore able to contribute in a 
great measure to the formation of the earth’s crust. The structure 
of their cell-wall is most peculiar and differs from all other plants 
(e.vcept certain De-smidiaceae) ; it does not consist of a single piece 
but is made up of two-the “ shells ’’-(compare Exuviella and 
Prorocentrum^ among the Dinoflagellata) which are fitted into each 
other, one being a little larger than the other and embracing its 
edge, like a box with its lid (Pig. 14 B). The two parts which cor- 
respond to the bottom and lid of the box are known as valves. 
Along the central line- of the valves a longitudinal rih may often 
e found, interrupted at its centre bj a small cleft (perhaps 
homologous with the cilia-clef t of the Dinoflagellata), through 
which the protoplasm is enabled to communicate with the exterior 
(Fig. 14 A). It is principally by reason of tbe valves, which bear 
numerous fine, transverse ribs, striae or w'arts, etc. (Pigs. 14, 15, 17), 
that the Diatome® have become so well known and emplovh as 
test objects in microscopical science. When the division'' takes 
place, the two shells are separated a little from each other, and 
after the cell-contents have divided into two masses, two new 
shells are formed, one. fitting into the laiger valve, the other one 



, into tlie smaller Ta.lFe , of the ■original friistnle. 
(fnistule) is. thus, upon the whole,. ^ 

srnalier than the mother-cell, and as 
the cells do: not increase in size, some ' M fi 
friistnles are smaller than ..the ones K 
from w'hic.h they are derived, and thus, I 

by repeated divisions, it follows that g 
smaller and smaller .fnistiiles are pro- ■ E 
(laced. This continued diminution in 
size is, however, compensated for by 
the formation, when the cells have ®f|;? 

been reduced to a certain minimum, MtfM 
of auxospores, 2~S times larger. These 
may either be formed asexually by the 
protoplasm of a ceil increasing, round- > 

ing off and stirroandiiig itself with a V: 

new wall (e.g, Melosira) or after cow- K yi 
jugation, which may take place with g | 
various modifications: 1. Two indi- | 

viduals unite after the secretion of a w I 
quantity of mucilage, and the valves 
then commence to separate from each 
other, on the side which the two indi- Fig. u.- 
vidnals turn towards each other. The 


•latter cell 


Fig. 14i.-^Pinnulana : B, from 
the edge, shows the valves fitting 
together j a valve. 



l*’iG. 15.— Vai'ioiis Diatomacese. A Diaioma vulgare. B Tuhellaria Jiocculosa. 
tiimida (lateral views). I) Gornyhanenia, comtrictwai (lateral views), E Ufa 
(lateral views). 


protoplasmic bodies now release themselves from their cell-w'alL 
and each rounds off to form an ellipsoidal mass ; these two pi-o- 


20 


DIATOM EiE. 


toplasmic masses (gametes) coalesce to form a zygote, tlie cell- 
OTclei and cliromatopliores also fusing together. The zygote in- 
creases in size, and surrounds itself with a firm, smooth, siliceous 
wall — perizonium. The auxospores, whichever way they arise, 
are not resting stages. The germination of the zygote com- 
mences hy the protoplasm withdrawing itself slightly from the 
cell- wall and constructing first the larger valve, and later on 
the smaller one; finally the membrane of the zygote bursts 
Mimantidium). 2. The conjugation occurs in a similar manner, 
but the protoplasm of the cells divides transversely before 
conjugation into two daughter-cells. Those lying opposite one 
another conjugate (Eig. 16) and form two zygotes. The for- 
mation of the perizonium, and germination take place as in the 
preceding instance (e.^. Epithemia). 3. Two cells place them- 
selves parallel to each other, and each of the two cell-contents, 
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PiGr. 16. — Conjugation of Cymbella variahilis. A, The protoplasm in the two cells has 
divided into two masses ; B these masses coalesce in pairs; the cells (Z? C) enclosed in a 
mucilaginous matrhc. 0 B Auxospores and their formation . 

without coalescing, becomes an auxospore. The formation of 
the wall takes place as in the preceding case. This is fonnd in 
the l^aviculese, Cymbelle^3e, the Gomphonemeas {e.g. Frustiilia, 
Cocconema), 

The Biatomaceae may be found in salt as well as in fresh water 
(often in such masses that the colour of the water oi' mud becomes 
yellow or bi*own; in the same manner the genera Ohcetoceros, 
JRihizosolenia^ Goscinodisctis, and several others, form large slime- 
masses, “ Plankton ’’ on the snrface of the sea), on damp soil and 
in dust blown- by the wind. They* occur as fossils in the recent 
formations, often in large deposits (siliceous earth, mountain 
meal), as in the cement lime in Jutland, the alluvial deposits 
beneath Berlin, in clay strata beneath peat bogs, in guano, etc. 
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Tiiese accumulations of fossilized diatoms are used in the manu- 
facture of dynamite and in various manufactures. 

The Diatomaceaa appear nearest to, and must be placed as a 
group co-ordinate with the Dinoflageilata, as they doubtless may 
be supposed to derive their origin from forms resembling JSxnvuUa, 
and to have lost the cilia. The resemblances to the Desmidiaceee 
which are striking in many respects, can only be conceived as 
analogies, and cannot be founded upon homologies, and it is 
therefore impossible to regard them as proof of genetic relation 
ship. The family contains only one order. 


Fig. 17 .-— Vurioxis Biatomea". A Synedra radians* B Biiitliemia turgida (from the two 
different sides*). € Ciimhella cuspklatti, JD Cocconeis pediciilus (on the right several situated 
on a portion of a phuit, on the left a single one more highly magnified). 

Order 1. Diatomacese. This oi*der may be divided into two 
sub-orders, viz. — 

Sub-Order 1. Placochromaticae. The chromatophores 
discoid, large, 1 or 2 in each cell ; the structure of the val 
is bilateral and always without reticulate markings. The follow- 
ing groups belong to this sub-order : Gomphonemem^ Cymbelleoe, 
AmpIfOi^eai^ Achnanthece, Cocconeidem, Naviculece^ AmpMplenrece, Fla- 
giotropidea^^ Amphitropidew, NitzcMem^ Siirirayece, and Eimotim. 

Sub-Order 2. Coccochromaticse. The chromatophores are 
granular, small and many in each cell. The structure of the cells 
is zygomorphic or centidc, often with reticulate markings. The 
following groups belong to this sub-order : Fragilariece, Meridiem, 
Tabellariem, Licrmpliorem, BiddulpJiiece, AnguUferm, Eupodisoem, 
Coscinodkcece djidi Melosirem* 
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Class 4. Schizophyta, Fission-Algse. 

Tlie individuals are 1— many celled; the thallus consists in 
many of a single cell, in others of chains of cells, the cells dividing 
in only one definite direction (Figs. 18, 21). In cei-tain Fission-Alg® 
the cell-chain branches (Fig. 30) and a difference between the an- 
terior and the posterior ends of the chain is marked ; in some, the 
cells may be united into the form of flat plates by the cell-division 
taking place in two directions ; and in others into somewhat cubi- 
cal masses, or i-ounded lumps of a less decided form, by the divisions 
taking place in three directions ; or less defined masses may be 
formed by the divisions taking place in all possible directions. 

^ The cell-walls rarely contain cellulose, they often swell con- 
siderably (Figs. 20, 22), and show distinct stratifications, or they 
are almost completely changed into a mucilaginous ma.ss in which 
the protoplasts are embedded, e.g. in Nostoc (Fig. 22), and in the 
“Zooglma” stage of the Bacteria (Fig. 27). Sexual reproduction 
is wanting. Vegetative reproduction by division and the separa- 
tion of the divisional products by the splitting of the cell- wall or 
its becoming mucilaginous ; among the Nostocacea-, Lyngbyacese, 
Scytonemacese, etc., “Hormogonia” are found; in Chammsiphon 
and others single reproductive akinetes are formed. Many Fission- 
Algm conclude the growing period by the formation of restino- 
akinetes or aplanospores. ^ 

The Schizophyta may be diyided into 2 families : 

1. SCHIZOPHYCE^. 

2. Bacteria. 

Family 1. Schizophyceee,* Blue-Green Algae. 

All the Blue-green Algae are able to assimilate carbon by means 
of a colouring material containing chlorophyll (cyanophyll) ; but 
the chlorophyll in this substance is masked by a blue (phycocyan), 
or red (phycoerythrin, e.g. in Trichodesmium erythrceum in the Red 
bea) colouring matter which may be extracted from them in cold 
water after death. The colouring matter, in most of them, per- 
meates the whole of the protoplasm (excepting the cell-nucleus), 
but in a few {e.g. Glaucocyslis, Phragmonema), slightly developed 
chromatophores are to be found. Where the cells are united into 
1 aments (cell-chains) a differentiation into apex and base {Eivu- 
lanacem) may take place, and also between ordinary vegetative 
cells and heterocysts; these latter cannot divide, and are dis- 
. * Myxophjceae, Cyanophyce«, 
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Fig. l^.-~-CijVinth'ospermvLni wajws: a resting akinete with heterocysfc ; h-d gennmatiiig 
stages of a resting akinete ; « filament with two heterocysts and the formation of new 
akinetes; / part of a filament with a heterocyst, aaid mature resting akinete. 


Fig. IS . — Micmcolem a portion of a filament, the thick sheath encloses only 

one cell-chain ; in one place a cell is drawn out by the movement of the cell-chain j 6 the 
cell-chain has divided into two parts (“ hormongonia *’) which commence to separate 
from each, other. 


The cell-chain in the spurious brandling divides into two parts, 
of which either one or both grow beyond the place of division 
(Fig. 18) and often out to both sides (e.g. Scgtonema)^ the divisions 
howevei*, always take place transversely to tbe longitudinal 
dii*eetioii of the cell-chain. In the true branching a cell elon- 
gates in the direction transverse to the cell-chain, and the division 
then takes place nearly at right angles to the former direction 
(Sirosi2)honiacf;(e). 


Cilia are wanting, but tbe filaments are sometimes self-motile 
(e.g. hormogonia in JVb^^oc'jand many partly turn round their axes, 
partly slide forward or hackwsbvd (OeciUarm) . 

Eeprod action takes place by spores and hormogonia in addition 



to simple cell-division. Hormogonia are peculiar fragments of a 
cell-chain capable of motion, and often exhibit a vigorous motion 
in the sheath, until at last they escape and grow into a new 
individual (Fig. 18). The spores are reproductive akinetes 
{Ghamcesijphon, etc.) or resting akinetes ; these latter arise by the 
vegetative cells enlarging and constructing a thick cell-wall (Fig. 
19 ef). On germination, this cell-wall bursts and the new cell-chahi 
elongates in the same longitudinal direction as before (Fig. 19 b c). 
Many (e.f^. Oscillaria) may however winter in their ordinary vege- 
tative stage. Aplanospores are wanting. 

The Fission- Algae are very prevalent in fresh water and on 
damp soil, less so in salt water ; they also often occur in water 
whmh abounds in decaying matter. Some are found in warm 
springs with a temperature as high as 50° 0. 

Ihe lamily may be divided into 2 sub-families : 

1. Ho^mocyste.?: (heterocysts are wanting) : Chroococcacece, 
J^ynghyacece md Chamcesiphonacece. 

± Hei^rocvste.^ (heterocysts present): Nostocacece, BivuU 
(^'^i(^(^GiB,Scytoneinacece<iTid3irosiph(miacece. 

Order 1. Chroococcace^. The individuals are 1— many- 
celled, but all the cells are uniform, 
united to form plates or irregular 
masses, often surrounded by a mu- 
cilaginous cell- wall, but never foiming 
cell-chains. Multiplication by division 
and sometimes by resting akinetes, but 
reproductive akinetes are wanting. 
Chroococcnsy Aphanoca-psa^ Glmocapm 
( Fig. 20) , Coalosphmri'mn, Merismopedium , 
Glaucocystis, Oncohyrsa, Polycystis, Gom- 
phosplimria. 

Order 2. Lyngbyacese (Oscil- 
Ihe cells are discoid (Fig. 21), united to straight or 
spirally twisted, free filaments, 


Fis. 20 . — GlmoGwiysa atrata: 
C, i), E various stages 
development. 


A 

of 


lariacese). 


>¥111011 are unbranched, or with 
spurious branching. The ends 
of the cell-chains are similar, 
lieteroeysts absent. Reproduc- 
, . tion by synakinetes, resting 

akinetes are wanting. 0,cmana (Fig. 21), SpiruBm, Ly.ghya, 


Fig. 21.-~0sca?«rja; a terminal, h central 
portion of a filament* 
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Order 3. Chamsesiphonacese. The iiidmduals are 1— 
iiianj-celled, attached, unbranched hlaineBts with differentiation 
into apex and base, withont heterocjsts. Multiplication by re- 
productive akiiietes; resting akinetes are wanting. Bermocar^a, 
Clastidumi, Oliammsiphon, Godleivshia, Phrag momma. 

Order 4. Nostocacese. The indiYidnals are formed of miil- 
ticelluiar, unbranched til aments, 'vvitbont differentiation into apex 
and base; heterocj’sts present. Beproduction by synakinetes and 
resting akinetes. ■ 

Some genex'a are not mncilB.giuons, e.g. CyUndrospeTmwn (Fig. 
19). The cell-chains in others, e.g. Nostoc, wind in between one 



Pig. 2,2.—Noiitoc verrucoi>nm. A The plant in its natural size ; an irregularly folded 
Jelly-like mass. B One of tlie cell-chains enlarged, with its heterocysts (/i)* embedded in 
its mucilaginous sheath. 

another and are embedded in large structui’eless jelly-like masses, 
which may attain the size of a plum or even larger (Fig. 22) ; 
sometimes they are found floating in the water, sometimes 
attached to other bodies. Other genera as follows : Apha7i/zo- 
menon and Anahmm (in lakes and smaller pieces of water) ; 
Nadularia is partly pelagic. Some occur in the intercelialar 
spaces of higher plants, thus NostucAox'xns are found in AntJioceros, 
Blasia, Spltagnum., Lemna^ and in the roots of Ctjcas and Gumiera ; 
Jinahmna in Azolla. 

Order 5. Rivulariaceae. The individuals are multicellular 
filaments, with differentiation into apex and base ; spurious 
braneliing, and a heterocyst at the base of each filament. Be- 
production by synakinetes and resting akinetes, rarely by simple 
reproductive akinetes. Piatilaria^ Glceotrichia^ Isactis, Calotlirix. 

Order 6. Scytonemaceae, The individuals are formed of 
multicellular hiaments with no longitudinal division; differen- 
tisition into apex and base very slight or altogether absent; 
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branching spurious; heterocysfcs present. Reproduction bj sjna- 
kinetes, rarely by resting akinetes and ordinary reprodDctive 
akinetes. Toh/pothrix, Scytonema^ Massalia^ Microclimte. 

Order?’. Sirosiphoniace^. The individuals are formed of 
multicellular threads with longitudinal divisions ; true branching 
and heterocysts, and often distinct diferentiation into apex and 
base. Reproduction by synakinetes, rarely by resting akinetes 
and ordinary reproductive akinetes. Eapalosiphon, Stigonema^ 
Capsosira, A^ostocopsiir, Masfigocoleus. 


Family 2. Bacteria.'^ 

The Bacteria (also known as Scliizomycetes, and Fission-Fungi) 
are the smallest known organisms, and form a parallel group to 
the Blue-green Algae, but separated from these Alg® by the 
absence of their colouring material ; chlorophyll is only found in 
a few Bacteria. 

The various forms under which the vegetative condition of the 
Bacteria appear, are termed as follows : 

1. Globular FORMS, COCCI (Figs. 27, 30 c): spherical or ellip- 
soidal, single cells, which, howevei’, are usually loosely massed 

together and generally termed “if ^crococc^.” 

2. Rod-like FORMS : more or less elongated bodies ; the shorter 
forms have been styled Bacterium ” (in the narrower sense of the 
word), and the term Bacillus ” has been applied to longer forms 

which are straight 
and cylindrical (Figs, 
'28, / 29, ' 30 ii/). 

3. Thread-like 
F 0 R M s : unbranched, 
long, round filaments, 
resembling those of 
Oscillaria, are pos- 
sessed by Leptotlirix 
(very thin, non-granu - 
lar filaments ; Fig. 30 
A, the small filaments) 

^ and Rcppm/Joa (thicker 

niaments, with strong, ref rae tile grains or drops of sulphur (Fig. 

• The Bacteria are more usnally included under Fungi. It seems better, how- 
ever, to place them undrf are Alg» in a separate class with the Sohizophyeeaj. 


One 


Fig. sangfuin^wm*. Four specimens, v/tto 

has two cilia at the same end, the sulphur grains are seen 
internally. 
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31); often seif-niotile). Branched filaments, with false branchin 
like many Scytonemacece^ are found in Gladothrix (Fig. 30 B, G), 

4. Sfieal forms : Rod-like or filamentous bodies, which more 

or less strongly resemble a corkscrew with a spii^al lising to the 
left. In general these are termed Spirilla (Fig, 23) ; very attenu- 
ated spirals, Vibriones (standing next to Fig. 30 M) ; if the filaments 
are slender and flexible with a closely wound spiral, Spirochadce 
(Fig.'24). ■ , 

5 . The M E R I S M 0 l> E D 1 U M - 
F0R5I, consisting of rounded 
cells arranged in one plane, 
generally in groups of four, and 
produced by divisions perpen- 
dicular to each other. 

6. The Sarcina-form, con- 
sisting of roundish cells which 
are produced by cellular divi- 
sion in all the three directions 
of space, united into globular 
or ovoid masses (‘‘parcels”) 
e,g. Sarcdna mntricuU (Figs. 

25,'26). ■' . 

All Bacteria are unicellular. In the case of the micrococci this 
is self-evident, but in the “ rod,” “ thread,” and “ spiral” Bacteria, 
very often numerous cells remain united together and their indi- 
vidual elements can only be recognised by the use of special 
agents.. 


Fig. 24s. ■— Sjiirochcete ohermdcri, in active 
motion (l>)aiid shortly before the termination 
of the fever (c) j ci blood corpascles. 


The condition termed “ Zoogloea,” which reminds us of Kostoc, is 
produced by the cells becoming strongly mucilaginous. A number 
of individuals in active division are found embedded in a mass of 
mucilage, which either contains only one, or sometimes more, of 


Fig. 25 . — Sarcisia ventncnli One sur- 
face only is generally seem Those cells 
which are drawn with double contour ai’e 
seen with the correct focus, and more 
distinctly than those cells lying deeper 
drawn with single contour. 


F’ig, 26 . — Sarcma miniita .* a-d 
sive stages of one individual 
p.m.) i / an individual of 32 



Tegetative REPftpBtrcTiQif takes place by continued transverse 
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-tlie above-named forms. The individuals may eventually swarm 
ont and continue their development in an isolated condition, 
fciuch mucilaginous masses occur especially upon moist vegetables 
C potatoes, etc.), on the surface of fluids with decaying raw or 
<3ooked materials, etc. The mucilaginous envelope is thrown into 
folds when the Bacteria, with their mucilaginous cell-walls, 
rmaltiply so rapidly that there is no more room on the surface of 
fche fluid. 

^ 1 he cells of the Bacteria are constructed like other plant-cells 

i^ so far as their diminutive size has allowed us to observe them. 
The cell- wall only exceptionally shows the reactions of cellulose 
Sarci-na, Leuconostoc-, also in a Vinegar-bacterium, BactmMTO 
a^-ylmum) ; a mucilaginous external layer is always present. The 
ody of the cell mostly appears to be an uniform or finely granu- 
lated protoplasm. Very few species {e.q. Bacillus virens) contain 
c liloi'ophyh ; others are coloured red (purple sulphur Bacteria); 
t e majoiity are colourless. Bacillus aniyhhaeler shows a reaction 
of a starch-like material when treated with iodine before the 

Bacteria contain sulphur (see p. 37). 
e liich : lias been described as a is still of a 

cioubtfui nature. 

Artificial colourings with aniline dyes (especially methyl-violet, 
^eutiaii- violet, methylene-biue, fuchsin, Bismarck-brown and 

6su\in^ an important part in the investigations of 

J>^cteria. 

Muyement. Ifany Bacteria are self-motile; the long filaments of 
h^gsiatoa exhibit movements resembling those of Oscillaria. In 
m finy motile forms the presence of cilia or flagella has been proved 
hy the use of stains ; many forms have one, others several cilia 
afctadied at one or both ends (Fig. 23) or distributed irregularly 
V e e w ole body ; the cilia are apparently elongations of the 
in ualaginous covering and not, as in the other Algse of the proto- 
pl^sm. In Spirooha>te the movement is produced by the flexibility 
ot the cell Itself. Generally speaking, the motion resembles that 
0 STOm-cells {i.e. rotation round the long axis and movement in 
irregular paths); but either end has an equal power of proceeding 
lojfwards. ^ 

OChe swarming motion must not be confounded with the hopping motion of the 
\e jcy minute particles under the microscope (Brownian movement) . 
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division; lienee the name “Fission-Fungi” or fission- AIga%” 

has been applied to the Bacteria.. 

Spores. The spores are probably developed in two ways. In 
the ENDOSPOEOUS species (Figs. 28, 29), the spore arises as a new 
cell inside the mother-ceii. The spores are strongly retractile, 
smaller than the mother-cell, and may be compared to the 
aplaiiospores of other Algge. In addition to these there are the 
ARTHEOSPOROUS species in Avhicli the cells, just as in Nosto'e and 
other Blue-green Algfe, assume the properties of spores without 
previously undergoing an endogenous new construction, and are 
able to germinate and form new vegetative generations (Fig. 27). 
The formation of spores very often commences wdien tlie vegetative 
development begins to be restricted. 



Pig. 27 . — Leueonostoo mesenterioides : a a zoog'loea, natural size; b cross section of 
j:oogla?a; e filaments with spores; d mattire spores ; successive stages of germina- 
tion; in r portions of the ruptured spore-wall are seen on the external side of the miiei- 
laginous covering. (?>-i magnified 520.) 

The spores germinate as in Nostoc by the bursting of the external 
layer of the cell- wall, either a transverse or longitudinal cleft, 
but always in the same way, in the same species (Fig. 28, example 
of transverse cleft). 

Distribution. Bacteria and their germs capable of development, 
are found everywhere, in the air (dust), in surface water, and 
in the superficial layers of the soil. The number Wearies very 
much in accordance with the nature of the place, season, etc. 
They enter, together with air and food, into healtlij animals and 
occur always in their alimentary tract. 
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Growth asd repeoduction depend upon the conditions of 
temperature. There is a certain minimum, optimum and maxi^ 
mum for each species ; for instance (in degrees Centigrade) 


Fig. 2S.~Bactn«s mcgfaienitni: a outline of a 
living, vegetative cell-rofi ; 6 a living, motile, pair of 
rods ; j) a similar 4.celled rod after the effects of 
iodine alcohol ; c a S-celled rod in the first stages of 
^pore-formation ; d~/ successive stages of spoj-e- 
formation in one and the same pair of rods (in the 
course of an afternoon) ; r a rod with mature spores • 
three stages of a S-celled rod, with spores sown 
m mitritive solution ; i, fc, l stages of germina- 
tion; m a rod in the act of transverse division, 
grown out from a spore which had been sown ei^'-ht 
hours previously. (After de Bary j a mag. 250 the 
other figures 6(X) times). ’ 


Bacillus suh tills 
B. antJiracis 

Spirilhmi chqlerce asiaticce 


Minim 


Opt, 


15 


20-25 


28 37-38 


Pig. 29. —Bacillus amylohacter. 
Motile rods, partly cylindrical 
and without spores, partly 
swollen into various special 
shapes and with spore-forma- 
tion in the swelling, s Mature 
spore, with thick mucilaginous 
envelope. (After de Bary j 
mag, 600 times, with the excep- 
tion of s, which is more highly 
magnified.) 


Maxim. 

+ 50 
43 

40 (but grows only 
feebly if under 
16 ^). 

42 


Bacterium tuberculosis 

The functions of life cease on a slight excess of tlie maximum 
01 minimum temperature, numbness setting in when either of 
these limits is passed. CWttm-threads provided with muci- 

turro?-To° 2opf, sustain a tempera- 

le of 10 . Some Bacteria are said to be able to resist the 

exposure to as low a temperature as -110° for a short time. It is 

Turs ThT the death of the Bacteria oc- 

curs . the greatest degree of heat which the vegetative cells can 
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withstand is about the same as that for other v^egetative plant- 
cells, namely, about 50-60° C. Certain Bacteria, JB. thermo- 
jMluSj grow and thrive vigorously at 70° C. Many spores, on the 
contrary, are able to bear far higher temperatures (in several 
species a temperature for some duration of above 100°, those of 
Bacillus subtilis, for instance, can withstand for hours a tempera- 
ture of 100° in nutrient solutions ; the spores remain capable of 
development after exposure to a dry heat of 123° C.). 

The Desiccation of the air, if prolonged, kills many forms when 
in the vegetative condition. The spores however can bear a much 
longer period of dryness, some even several years. 

Oxygen. Some species cannot live without a supply of free 
oxygen {Aerohici)^ e,g, the Vinegar-bacteria, the Hay- bacilli, the 
Anthrax-bacilli, the CAmlem-Microspira, Other species again thrive 
vigorously without supply of free oxygen, and are even checked in 
their development by the admission of air (Anae7^oh%c)^ e.g, the 
butyric acid Bacterium (Clostridium Imtyricti^yi = Bacillus amy- 
lohacter). A distinction may be drawn between obligate and 
facultative aerobics and obligate and facultative auaerobics. 
Several Bacteria, producing fermentation, may grow without the 
aid of oxygen when they are living in a solution in which they 
can produce fermentation ; but, if this is not the case, they can 
only grow when a supply of oxygen is available. A great 
number of the pathogenic Bacteria belong to the facultative 
auaerobics. 

A luminous Bacterium (Bacillus phosphoresceyis) which in the 
presence of a supply of oxygen gives a bluish-white light, has 
been found in sea- water. Phosphorescent Bacteria have fre- 
quently been observed upon decaying sea-fisb, as well as on the 
flesh of other animals ; by transferring the Bacteria from cod fish 
to beef, etc., the latter may be made luminous. 

Organic carbon compyonnds are indispensable for all Bacteria, 
(except, as it appears, for the nitrifying organisms), as they can 
only obtain tlie necessary supplies of carbon from this source. The 
supplies of nitrogen^ which also they cannot do without, can be ob- 
tained equally as well from organic compounds as from inorganic 
salts, such as saltpetre or ammonia-compounds. The various ‘^ash- 
constituents ” are also essential for their nourishment. 

While Moulds and Yeast-Fungi grow best in an acid substratum, 
the Bacteria, on the other hand, generally thrive best in a neutral 
or slightly alkaline one. 
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In sterilization^ disinfection, and antisepsis, means are employed 
]>y wliicli the Bacteria are killed, or checked in their development, 
for instance, by heat (ignition, cooking, hot vapours, hot air, etc.), 
or poisons (acids, corrosive sublimate). The process of preserv- 
ing articles of food, in which they are boiled and then hermeti- 
cally sealed, aims at destroying the Bacteria, or the spores of 
those which already may be present in them, and excluding 
all others. 

As the Bacteria are unable to assimilate carbon from the car- 
bonic acid of the air,, but must obtain it from the carbon-com- 
pounds already in existence in the organic world, they are either 
saprophytes or parasites. Some are exclusively either the one or 
the other, oUigate saprophytes or parasites. But there are 
transitional forms among them, some of which are at ordinary 
times saprophytes, but may, when . occasion offers, complete their 
development wholly or partly as parasites — facultative parasites ; 
otlieis are generally parasitic, but may also pass certain stages of 
development as saprophytes — facultative saprophytes. 

All chlorophyll-free organisms act in a transforming and dis- 
turbing manner on the organic compounds from which they obtain 
their nourishment, and while they themselves grow and multiply, 
they produce, each after its kind, compounds of a less degree of 
complexity, Le. they pvod.xi(iQ fermentation, putrefaction, sometimes 
the formatioa of poisons, and in living beings often disease. 

Those organisms which produce fermentation are called ferments ; 
this word, however, is also employed for similar transformations 
in purely chemical materials (inorganic ferments or enzymes). 
Many organic (“living”) ferments, among which are Yeast- 
cells and Bacten’a, give ofE during their development certain 
inoi'ganic and soluble ferments (enzymes) w'hich may produce 
other transformations without themselves being changed. Dif- 
ferent organisms may produce in the same substratum different 
kinds of transformation ; alcoholic fermentation may for instance 
be produced by different species of Fungi, but in different pro- 
portions, and the same^ species produces in different substrata, 
different tra.i!sformations (e.g. the Vinegar-bacteria oxydize diluted 
alcohol to vinegar, and eventually to carbonic acid and water). 

In tlie study of Bacteria it is absolutely necessary to sterilize the vessels 
employed m eultrvation the apparatus, and nutrient solutions, to free them 
rom Bacteria germs and also to preserve the cultures from the intrusion of any 
foreign germs (‘« pure-cultures”). A firm, transparent, nutritive medium is 
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frequently employed. This may be prepared by adding to the nutrient solu- 
tions (broth) either gelatine, or — when the Bacteria are to be cultivated at 
blood-heat — serum of sheep’s or calf's blood, agar-agar or carragen ; serum 
alone may in itself serve as a nutrient medium. The so-called plate-cul- 
tures ” are frequently employed, t.c. the germs are isolated by shaking them 
with the melted liquid nutrient gelatine, which is then spread on a glass plate 
and allowed to coagulate ; when later on the individual germs grow into 
colonies, these remain separate in the solid substratum and it is easy to pursue 
their further development. Similar plate-cultures may also be cultivated in 
test-tubes and on microscopic slides. The slides and glass plates must be 
placed in ** moist chambers ” free from Bacteria. By sowing a few cells (if pos- 
sible one) by means of a fine platinum wire, pure cultures for further investi- 
gation may be obtained. 

In order to prove the relationship between pathogenic Bacteria and certain 
diseases, the experimental pxoduction of pathogenic Bacteria by the inoculation 
of Bacteria from pure cultures into healthy animals, is very important. 

It has not so far been possible to establish a classification of the 
Bacteria, as the life-historj of many species has not 3 ^et been 
sufficiently investigated.^ The opinions of botanists are at 
variance, in many cases, with regard to the forms of growth of a 
particular kind. Some species are pleomorphic (many-formed) 
while others possess only one form. 

The following Bacteria are Saprophytes : — 

Gladothrix dichotonia is common in stagnant and running water 
which is impregnated with organic matter; the cell-chains have 
false branching. According to Zopf, Lepiothrix ochracea is one of 
the forms of this species which, in water containing ferrous iron 
(e.g. as Fe CO 3 ), regularly embeds ferric-oxide in its sheath by means 
of the activity of the protoplasm. Lepiothrix ochracea and other 
Iron-bacteria, according to Winogradsky (1888), do not continue 
their growth in water free from protoxide of iron; while they 
multiply enormously in water which contains this salt of iron. 
The large masses of ochre-coloured slime, found in meadows, bogs, 
and lakes, are probably due to the activity of the Iron-bacteria. 

Those forms which, according to Zopfs views, represent the 
forms of development of Gladothrix dichotoma are placed together 
in Fig. 30. A represents a group of plants, seventy times 
magnified, attached to a Taucheria. The largest one is branched 
like a tree, with branches of ordinary form ; a specimen with 
vspiraily twisted branches is seen to the right of the figui^e, at 
the lower part some small LeptothrixAike forms. B shows the 

^ See Marshall Ward, “ On the Characters or Marks emploj^ed for Classifying 
the Schizomycetes,” Amals of Botamj^ 1892^ 



manner of brancMng and an incipient Cocc«^5-formatioi 
Coccw^-mass whose exit from the sheath has been observed, 


Fig-. 30 . — Cladothrix dichoioma^ 

same mass as 0 after the coarse of a day, the Cocci having 
turned into rods, E a group of Cocci in which some have deve- 
loped into shorter or longer rods. ¥ one of these rods before 
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and after treatment witli picric acid, wliich causes the chain-iike 
structure to become apparent. G a portion of a plant with con- 
spicuous sheath, two lateral branches are being formed. H part 
of a plant, whose cells have divided and form Cocci. The original 
fonn of the colls in which the Cocci are embedded may still be 
recognised. 1. Xe|?to//i/*iaj-filameats with conspicuous iiiucilaginous 
sheath, from which a series of rods is about to emerge ; the rod 
near the bottom is dead, and has remained lying in the sheath. 
K part of a plant which is forming Cocci, those at the top are in 
the zooglma-stage, at the base they are elongating to form rods 
and Xep/o//ir/.r.hiaments. L a portion of a bi’anched Cladot'hrix, 
which divides into motile Bacillus-iormH \ the rays at the free 
ends indicate the currents which the cilia produce in the water. 
M a spirally-twisted, swarming filament, before and after division 
into halves. N part of a tree-like zoogloea with Cocci and short 
rods. — All of these spirilla, zooglcca, etc,, which Zopf has con- 
nected with Clad, dichotoma, are according to Winogradsky, inde- 
pendent organisms. 

Micrococcus urecc produces urinal fermentation (transformation of 
urinal matter into ammonium carbonate) ; aerobic ; round cells 
generally united to form bent chains or a zoogloea. — Several other 
kinds of Bacteria have the same action as this one : in damp 
soil containing ammonia-compounds, salt]petre-formations are pro- 
duced by JjT, nitrificam and several different kinds of Bacteria. 

Micrococcus ‘prodigiosns is found on articles of food containing 
starch; ‘‘bleeding bread” is caused by this Bacterium, which has 
the power of forming a red pigment ; it also occurs in milk, and 
produces lactic acid. 

Lemonostoc mesenterioides is the frog-spawn Bacterium (Fig. *27) 
which is found in sugar manufactories, and has the power of 
producing a viscous fermentation in saccharine solutions which 
have been derived from plants, e.g. in beetroot-sugar manu-. 
factories, where large accumulations of mucilage are formed at 
the expense of the sugar, with an evolution of carbonic acid. The 
cell-rows, resembling somewhat a pearl necklace, have thick 
mucilaginous cel I- walls, and form white “ ISTostoc ’’-lumps. The 
mucilage eventually deliquesces and the cells separate from each 
other ; arthrospores ? — Similar viscous deteriorations occur in 
beer and wdne, wPiich may then be drawn out into long, string 
like filaments — ropiness.” 

Bacterium acet% the Vinegar-bactexdum, oxidizes alcohol into 
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acetic acid (acetons-fermentation) and forms a greyish covering 
of Bacteria (“Vinegar-mother”) on the surface of the liquid ; the 
acetic acid formed, becomes by continued oxidization by aceti^ 
again transformed into carbonic acid and water. Aerobic; 
short cylindrical ceils, often united into chains, or to form a 
zoogloea ; sometimes also rod* and spindle-shaped. The Vinegar- 
bacteria and other kinds with ball- or rod-forms sometimes become 
swollen, spindle-shaped, or oval links; they are supposed to be 
diseased forms ^ (“Involution-forms”). 

Bacillus laciicus {Bacterium acidi lactici, Zopf) is always found 
in milk which has stood for some time, and in sour foods (cabbage, 
cucumbers, etc.) ; it turns the milk sour by producing lactic acid 
fermentation in the sugar contained in the milk ; the lactic acid 
formed, eventually causes the coagulation of the casein. It re- 
sembles the Vinegar-bacteria, occurring as small cylindrical cells, 
rarely in short rows; not self-motile. — Several other Bacteria appear 
to act in the same way, some occurring in the mouth of human 
beings ; some of these Bacteria give to butter its taste and flavour. 

The kefir-grains which are added to milk for the preparation of 
kefir, contain in large numbers a Bacterium {Dispora caucasica) 
in the zoogloea-form, a Yeast-fungus, and Bacillus lacHcus. Kefir 
is a somewhat alcoholic sour milk, rich in carbonic acid ; it is a 
beverage manufactured by the inhabitants of the Caucasus, from 
the milk of cows, goats, or sheep, and is sometimes used as a 
medicine. In the production of kefir, lactic acid fermentation 
takes place in one part of the sugar contained in the milk, and 
alcoholic fermentation in another part, and the casein which had 
become curdled is partially liquefied (peptonised) by an enzyme of 
a ZooglcBa-bacterium. 

Bacillus amylobacter {Bacillus hutyricus^, the Butyric- acid-bac- 
terium (Fig. 29), is a very common anaerobic wdiich produces 
fermentation in sugar aud lactic-acid salts, and whose principal 
product is butyric acid. It destroys articles of food and (together 
with other species) plays a part in the butyric acid fermentation 
which is necessary in the making of cheese ; it is very active 
wherever portions of plants are decaying, in destroying the cellu- 
lose in the cell-walls of herbaceous plants, and is thus useful in 
the prepax’ation of flax and hemp. The cells are self- motile, 
generally cylindrical, sometimes united into short rows; endo- 

According to Hansen these are nc t disease forms, hut occur regularly under 
cerUm conditions, e.g. temperature. 
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sporoiis; tlie spore- forming cells swell, assume very dif erenf forms, 
and show graiiulose reaction. The germ-tube grows out in the 
direction of the long axis of the spore. 

Bmilkis suhtilis, the Haj-baeillus, is developed in all decoctions 
of hay; a slender, aerobic, self-motile Bacillus; eiidosporous (aplano- 
spores) ; the spore- wall ruptures transversely on germination. 

Grenothrix hilhniana occurs in the springs of many baths, in 
wells, in water or drain-pipes. 

Beggiatoa (parallel with the Blue-green Alga Oscillaria), Long 
filaments formed of cylindrical cells which are attached by one of 
the ends, but which are nearly always free when observed. The 
filaments, like those of Oscillaria, describe conical figures in their 
revolutions, the free filaments slide upwards and parallel wnth one 
another ; vsheatbs are wanting ; strongly 
refractive sulphur drops are found in the 
interior. The Beggiatoas are the most 
prevalent Sulpliur-hacterla. They occur, 
very commonly in large numbers, ■wher- 
ever plant or animal remains are de- 
caying in water in which sulphuretted 
hydrogen is being formed ; thus, for ex- 
ample, B. alha (Fig. 31) occurs frequently 
as a white covering or slimy film on mud 
containing organic remains. B, mimbilis is 
remarkable for its size and its strong peristaltic 
movements. The Sulphur-bacteria oxidize 
the sulphuretted hydrogen, and accu- 
mulate sulphur in the shape of small 
granules of soft amorphic sulphur, which 
in the living cell never passes over into 
the crystalline state. They next oxidize 
this sulphur into sulphuric acid, which 
is immediately rendered neutral by ab- 
sorbed salts of calcium, and is given 
o& in the form of a sulphate, thus CaCO^ is principally changed 
into Oa SO 4 . In the absence of sulphur the nutritive processes 
are suspended, and consequently death occurs either sooner or 
later. The Sulphur- bacteria may exist and multiply in a fluid 
which only contains traces of organic matter, in which organisms 
devoid of chlorophyll are not able to exist. The Beggiatoas 
very frequently form white, bulky masses in sulphur wells and 



31. — Beggiatoa alba : a 
from a fluid containing abund- 
ance of sulj>huretted hydrogen ; 
b after lying 24 hours in a solu- 
tion devoid of sulphuretted 
hydrogen ; c after lying an 
additional 48 hours in a solution 
devoid of sulphuretted hydro- 
gen, by this means the trans- 
verse walls and vacuoles have 
become visible. 
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in salt water, the traces of organic mateiial which the sulphur 
water contains proving sufficient for them. The cellulose-fermenta. 
tioD, to which the sulphur wells in all probability owe their origin, mainly 
procures them suitable conditions for existence. The CaCOy and HoS, 
formed during the cellulose fennentation by the redaction of CaS 04 is 
again changed into CaS 04 and CO 2 by the Sulphur-bacteria (Winogradsky, 
1887).— Other Sulphur-bacteria, the so-called purple Sulphur-bacteria, e,(j, 
B. Toseo-persicina, Spirillum sanguineum {Fig. 23), Bacterium snlfuratitm^ etc., 
have their protoplasm mixed with a red colouring matter (bacterio-purpurin) 
which, like chlorophyll, has the power, in the presence of light, of giving oft 
oxygen (as proved by T. W. Englemann, 1888, in oxygen-sensitive Bacteria); 
The three purple Sulphur-bacteria mentioned, are, according to Winogradsky, 
not pleomorphic kinds but embrace numerous species. 

Many SpirilU (Spirillum tenue^ S. noidula, S.plicatile, and others) 
are found prevalent in decaying liquids. 

Bacteria (especially Bacilli) are the cause of many substances 
emitting a foul odour, and of various cbanges in milk. 

Parasitic Bacteria live in other living organisms ; but the 
relation between “ host ” and parasite may vary in considerable 
degree. Some parasites do no injury to their host, others produce 
dangerous contagious diseases ; some choose only a special kind 
as host, others again live equally well in many different ones. 
There are further specific and individual differences with regard 
to the predisposition of the host, and every individual has not the 
same receptivity at all times. 

The harmless parasites of human beings. Several of the 
above mentioned saprophytes may also occur in the alimentary 
canal of human beings ; the Hay-bacillus, the Butyric-acid- 
bacillus, etc. ; but the gastric juice prevents the development of 
others, at all events in their vegetative condition. Sarcina ren- 
triculi, “ packet-bacterium,” is only known to occur in the stomach 
and intestines of human beings, and makes its appearance in cer- 
tain diseases of the stomach (dilation of the stomach, etc.) in great 
numbers, without, however, being the cause of the disease. It 
occurs in somewhat cubical masses of roundish cells (Fig. 25). 

Less dangerous parasites. In the mouth, especially between 
and on the teeth, a great many Bacteria are to be found (more 
than fifty species are known), e.g. Leptoilirix hnccalis (long, brittle, 
very thin filaments which ax’e united into bundles), Micrococci in 
large lumps, SpirocJiwte cohnii^ etc. Some of them are known to 
be injurious, as they contribute in various ways to tbe decay of the 
teeth (caries a Micrococcus^ for instance, forms lactic acid 
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ill materials contaniing sugar and starcli, and tlie acid dissolves 
the lime salts in the external layers of the teeth : those parts of 
the teeth thus deprived of lime are attached by other Bacteria, and 
become dissolved. Inflammation in the tissues at the root of a 
tooth, is probably produced by septic materials which have been 
formed by Bacteria in the root-canal. 

Dangerous Parasites. In a large number of the infections dis- 
eases of human beings and animals, it has been possible to prove 
that parasitic Bacteria have been the eanse of the disease. Yarious 
pathogenic Bacteria of this nature, belonging to tlie coccus, rod, 
and spiral Bacteria groups, are mentioned in the following — 
Pathogenic Micrococci. Staphylococciis pyogenes aureus pro- 
duces abscesses of various natures (boils, suppurative processes in 
internal organs). The same effects are produced by — 

Streptococcus pyogenes^ which is the most frequent cause of malig- 
nant puerperal fever ; it is perhaps identical with — 

Streptococcus erysipelatis^ whicb is the cause of erysipelas in 
human beings. 

Diplococcus yueumonice (A. Frankel) is the cause of pneumonia, 
and of the epidemic cerebro-spinal meningitis, 

Go7iococcus (iSTeissez*) is the cause of gonorrhea and inflammation 
of the eyes. 

Pathogenic Rod- Bacteria. Bacterium cholerm gallinanim. 
an aerobic, facultative parasite which produces fowl- cholera among 
poultry ; it is easily cultivated on various substrata as a sapro- 
phyte. The disease may be conveyed both through wmuncls and 
by food, and may also be communicated to mammals. 

Bacillus anthracis, the Anthrax bacillus (Fig. 32), ciiiefi}^ attackvS 
mammals, especially herbivorous animals (house mice, guinea-pigs, 
rabbits, sheep, cattle), in a less degree omnivorous animals (includ- 
ing human beings), and in a still less degree the Carnivores. 
Aerobic. O^dindrical cells, 3-4 times as long as broad, united into 
long rod- like bodies, wdiich may elongate into long, bent, and 
twisted filaments. Not seif-motile. Endosporous. Germination 
takes place without the throwing off of any spore-membrane (com- 
pare Hay-bacillus p. 37 which resembles it). Contagion may take 
place both by introduction into wounds, and from the mucous 
membrane of the intestines or lungs, both by vegetative cells and 
by spores ; in intestinal anthrax, however, only by spores. The 
Bacillus multiplies as soon as it has entered the blood, and the 
anthrax disease commences. The Bacilli not only give off poison, 



but also deprive tbe blood of its oxygen* Vegetative cells only 
occur in living animals. This species is facultative which 

in the first stage is a saprophyte, and only in this condition forms 
spores* 

Bacillus tuberculosis produces tuberculosis in human beings, also 
in domestic animals (perlsucht). It is a distinct parasite, but may 
also live saprophytically. It is rod-formed, often slightly bent, 
and is recognised principally by its action with stains (when 
stained with an alkaline solution of methyl-blue or carbolic f uch- 


J’lG-. 32 . — Anthrase hacillus {BaciU 
lots anthracis) with red (b) and white 
(<i) blood-corpuscles. 


Fig. 3B^-^Anthrax haciUus. The formation of 
the spores ; magnified 450 times. 


sin, it retains the colour for a long time even in solutions of mineral 
acids, in contrast with the majority of well-known Bacteria): it 
probably forms spores which are able to resist heat, dryness, etc. 

Bacillus leprce produces leprosy ; Bacillus mallei produces glanders ; Bacillus 
tetani, tetanus (the tetanus bacillus is very common in soil ; anaerobic) ; Bacillus 
dlpkthericB, diphtheria; Bacillus typhosus, typhoid fever, etc. 

Pathogenic Spiral Bacteria. Spirochcete ohermeieri (Fig. 
24) produces intermittent fever (febris recurrens) ; it makes its 
appearance in the blood during the attacks of fever, but it is not 
to be found during intervals when there is no fever. Obligate 
parasite. 

Spirillum cholerce asiaticce (Microspira commaf without doubt 
produces Asiatic cholera ; an exceedingly motile spirillum, which 
IS also found in short, bent rods (known as the Comma-bacillus 
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it lives in tlie intestines of those attacked by the disease, and 
gives off a strong poison wliicli entei’S the body. It is easily 
cultivated as a saprophyte. 

A great many circumstances seem to show that a number of 
other infectious diseases (syphilis, small-pox, scarlet-fever, measles, 
yellow-fever, etc.) o^ve their origen to parasitic Bacteria, but this 
has not been proved with certainty in all cases. 

It has been possible by means of special cultivations (ample 
supply of oxygen, high temperature, antiseptic materials) to pro- 
duce from the parasitic Bacteria described above (e.^. the fowl-cholera 
and the anthrax Bacteria) physiological varieties which are distinct 
from those appearing in nature and possess a less degree of 
“ virulence,” f.e, produce fever and less dangerous symptoms in 
those animals which are inoculated with them. The production 
of such physiological varieties has come to be of great practical 
importance from the fact that they are used as vaccines, is. these 
harmless species produce in the 
animals inoculated with them 
immunity from the malignant in- 
fectious Bacteria from which they 
were derived. This immunity is 
effected by the change of the 
products of one or more of the 
Bacteria, but we do not yet know 
anything about the way in which 
they act on the animal organism. 

The white blood corpuscles, ac- 
cording to the Metschnikoff, play 
the part of “ Phagocytes ” by 
absorbing and destroying the less virulent Bacteria which have 
entered the blood, and by so doing they are gradually enabled to 
overcome those of a more virulent nature. 

Class 5. Conjugatae. 

The Algse belonging to this class have chlorophyll, and pyre- 
noids round which starch is formed. The cells divide only in one 
direction, they live solitarily, or united to form filaments which 
generally fioat freely (seldom attached). Swarm-cells are want- 
ing. The fertilisation is isogamous {conjugation) and takes place by 
means of aplanogametes. The zygote, after a period of rest, 
pi*oduces, immediately on germination, one or more new vegetative 



Fig. 3 K— a and h The same blood-cell 
of a Frog: a in the act of engulfing 
an anthrax-bacillus ; b after an interval 
of a few minutes when the bacillus has 
been absorbed. 
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individnals ; sometimes akinetes or aplaiiospores are formed in 
addition. They only occur in fresh or slightly brackish water. 

Order 1. Desmidiaceae. The cells generally present markings 
on the outer wall, and are mostly divided into two symmetrical 
halves' by a constriction in the middle, or there is at least a 
symmetrical division of the protoplasmic cell-contents. The cell- 
wall consists nearly always of two layers, the one overlapping 
the other (Fig. 3o G), The cells either live solitarily or are united 
into unbranched filaments. The mass of protoplasm formed by 
the fusion of the two conjugating cells becomes the zygote, which 
on germination produces one (or after division 2,' 4 or 8) new 
vegetative individual. The chromatophores are either star-, plate-, 
or band-shaped, and regularly arranged round the long axis of the 
cell 




Fig. 35.— a Cell of Gymnozyga hvehissonii, external view showing the distribution of the 
pores, JS A portion of the membrane of Staurastr-um.l/icorne with pores containing proto- 
plasmic projections. C Cell-wall of Hyalotheoa mucosa during cell-divdsion ; the central 
part, being already formed, shows the connection with the divisional wall. 


The Desmidiacem are not able to swim independently, many 
species, however, show movements of different kinds by risings and 
sliding forward on the substratum. These movements, which are 
partly dependent upon, and partly independent of light and the 
force of gravitation, are connected with the protrusion of a mu- 
cilaginous stalk, The mucilage, v/hich sometimes surrounds the 
whole individual, may acquire a piismatic structure, it is secreted 
by the protoplasmic thi^eads which project through certain pores 
definitely situated in the walls (Fig. 35 A, B), 

Vegetative moltiplicatioin^ takes places by division. A good 
example of this is found in Cosmarium hotrytis (Fig. 36 A-JD). 
The nucleus and chromatophores divide, and simultaneously the 
central indentation becomes deeper, the outer wall is then ruptured 
making a ciTOular aperture through which the inner wall protrudes 
forming a short, cylindrical canal between the two halves to which 
it is attached (BTg. 36 0). After elongation the canal is divided 
by a central transverse wall,, which commences as a ring round its 
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inner surface and gradnallj forms a complete septum- The divid- 
ing wall gradually splits, and the two individuals separate from 
each other, each one having an old and a new half. The two 





Fig. 36.-—Cosm.arimn'botrijtis. A-^D Different stages of cell-division. 

daughter-cells bulge out, receive a supply of contents from the 
parent-cells, and gradually attain their mature size and develop- 
ment (Fig. 86 B-L). Exceptions to this occur in some forms. 

CoxJUGATiox takes place in the simplest way in ALesotmiium, where 
the two conjugating cells unite by a wshort tube (conjugation-canal), 
which is not developed at any particular point. The aplanogametes 
merge together after the dissolution of the dividing wall, like two 
drops of water, almost -without any trace of preceding contraction, 
so that the cell-wall of the zygote generally lies in close contact 
with the conjugating cells. The conjugating cells in the others 
lie either transversely {e.g, Cosmarium, Fig. 37 d ; Btaurastrum^ 
etc.), or parallel to one another le.g. Penium^ Clostermm, etc.), and 



Fig. S7.—Cosrnarhirii meneghhui ; a~c same individual seen from the side, from the end, 
and from the edge j d-/ stages of conjugation; g-i germination of the zvgote, 

emit a short conjugation-canal (Eig. 37 d) from the centre of that 
side of each cell which is turned towards the other one. These 
canals touch, become spherical, and on the absorption of the divid- 
ing '^Yall the aplanogametes coalesce in the swollen conjugation- 
canal (Fig. 37 e), -which is often surrounded by a luncilaginous 
envelope. The zygote, which is often spherical, is surrounded by 
a thick cell-w-all, consisting of three layers ; the outermost of these 
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sometimes bears thorn-like projections, which in some species 
are simple (Fig. 37/), in others branched or variously marked ; 
in some, however, it remains always smooth (e.< 7 . Tetmemorus, 
Besmiiiium), Deviation from this mode of conjugation may occur 
within certain genersi {e.g. Olosterium, Tenium). Upon germina- 
tion the contents of the zygote emerge, surrounded by the inner- 
most layers of the wall (Fig. 37 and generally divide into 
two parts which develope into two new individuals, placed trans- 
versely to each other (Fig. 37 i ) ; these may have a somewhat more 
simple marking than is generally possessed by the species. 


Fig. 38. — Desmidiacese. A Closterium moniUferum ; Ji Penium crassiusculnm ; C 
Micj’asterias irmicata (front and end view) ; D JEuastrum elegans ; JE Staurastrum muticum 
(end view). 


The most frequent genera are : — 

A. Solitary cells : Mesotjenium, Penium (Fig. 38 J5), Oylindrogystis, 
Euastrum (Fig. 38 D), Micrasterias (Fig. 38 C ), Oosmarium (Fig. 36, 37), 
Xanthidium, Staurastrum (Fig. 38 E), PuEUROTiBNiUM, DociniuM, Tetmbmorus, 
Closterium (Fig. 38 4), Spirot.®nia. 

B, Cells united into filaments : SPHiBRozosMA. Desmidium, Hyalotheca, 
Gymnozyga, Ancylonema, Gonatozygon. 


Order 2. Zygnemacese. Cell- wall without markings. The 
cells are cylindrical, not constricted in the centre, and (generally) 
united into simple, unbranched filaments. The whole contents of 
the conjugating cells take part in the formation of the zygote, 
which on germination grows out directly into a new filameut. 

Spirogyra is easily recognised by its spiral chlorophyll band ; 
Zygnema has two star-Hke chromatophores in each cell (Fig. 40) j 
both these genera are very common Algas in ponds and ditches. 
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The conjugation among the Zjgnemaceae takes place in the 
following manner : the cells of two filaments, Ijing side bj side, on 



A B 


Fig. B9.—Spivog]}m longata. A At the commencement of conjugation, the conjugation- 
canals begin to protrude at a and touch one another at h ; the spiral chlorophyll band and 
cell-nuclei (Ic) are shown. B A more advanced stage of conjugation; a, a' the rounded 
female and male aphinogametes : in l>' the male aplanogamete is going over to and 
uniting with the female aplanogamete (b). 

two cells, the one being situated above the other in the same fila- 
ment (Fig. 41), push out small protuberances opposite each other 
(Fig, 39 A, a, h) ; these finally meet, and the dividing wall is ab- 
sorbed so that a tube is formed connecting one cell with the other ; 



Fig. 40. — A cell of Ztjgnema. S Pyrenoid. Fig. Al.—Zygnema insigne, with zygote. 


the protoplasmic contents round off, and the whole of these contents 
of one of the cells glides through the conjugation-tube and coalesces 

with that of the 



Fig. 43.— Germinating zygote of Spirogym gugalis.: the 
young plant is still unicellular; the end which is. still in 
the wall of the zygote is elongated and root-like j the 
chromatophore divides and forms tke spiral band. 


other (Fig. 39 B), 
the aggregate mass 
then rounds off, sur- 
rounds itself witli 
a cell-wall, and be- 
comes a zygote. A 
distinct diference 
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may be found between the cells in the two filaments, those in the 
one whose protoplasmic contents pass ov^er being cjdindrical, while, 
those of the recipient one are more barrel-shaped, and of a larger 
diameter. The former may be regarded as a male, the latter as 
a female plant. The zygote germinates after a period of rest, and 
grows out into a new filament (Fig. 42). 

Order 8. Mesocarpaceee. The cell-w^alls are glabrous, nncori- 
stricted in the centre, and united into simple unbranched filaments. 
The chromatophore consists of an axial chlorophyll-plate, with 
several pyrenoids. The zygote is formed by the coalescence of two 
cells (Fig, 43) (sometimes three or four), but the whole proto- 
plasmic contents of the cells do not take part in this process, a 
portion always remaining behind ; the aplanogametes coalesce in 
the conjugation-canal. The zygote thus formed appear-s incapable 
of germination until after 3-5 divisions. Of the cells so formed, 


Fig. 43 , — Mougeotia calcarea. Cells showing various modes of conjugation; at ))i tri-par* 
tition ; pg quadripartition ; s quinquipartition of the zygote. 

only one is fertile, the sterile cells, according to Pringsheim, con- 
stituting a rudimentary sporocarp. The germinating cells grow 
out into a new filament. In this order, conjugation has been ob- 
served between two cells of the same filament. The Mesocarpacese 
thrive best in water which contains lime. 

Class 6. Chlorophyceae (Green Algse). 

These Algm are coloured green by chlorophyll, seldom in com- 
bination with other colouring matter, and then especially with red. 
The product of assimilation is frequently starch, which generally 
accumulates round certain specially formed portions of protoplasm 
termed pyrenoids. The thallus is uni- or multi-cellular ; in the 
higher forms (certain Siphoned) the organs of vegetation attain 
differentiation into stem and leaf^ The asexual reproduction takes 
place in various ways; the sexual reproduction is effected by con- 
jugation of motite gametes, or by oogamous fertilisation. The 


PROTOCOOCOIDE.^. 


47 


swarm-cells (zoospores, gametes, and spermatozoids) are con- 
. stnioted sjmetrically, and have true protoplasmic cilia, these 
generallj being attached to the front end of the swarm- cells. 
Most of these Alg^ live in water (fresh or salt); some are found 
upon damp soil, stones, or tree- stems, and some live enclosed in 
other plants. 

The Class is divided into three families : — 

1. pROTOGOGCOiDEJi] : Yolvocaceos, Tetrasporaceas, Cliloro- 
spliaaraceae, Pleurococcacese, Protococcacese, Hydrodictjaceje. 

2. CoNFERVOiDEJi] : Ulvaceas, Ulothricacem, CluBtophoracea', 
Mycoideaceas, Cylindrocapsace^, CEdogoniacege, Coleochmtaceiv}, 
Cladophoracese, Gomontiacese, Sphieropleacese. 

3. SrPHONE.® : Botrydiace^e, Bryopsiclacem, Derhesiacem, Yaii- 
clieriacejB, Phyllosiphonacem, Canlerpacem, Codiaeeas, Yaloiiiacea.% 
Dasycladacece. 

Family 1. Protococcoideae. 

The Algae which belong to this group are uni- or malti-eelliilar 
with the cells more or less firmly connected, sometimes in a 
definite, sometimes in an indefinite form (Fig, 47). Colonies are 
formed either by division or by small iinicellnlar individuals be- 
coming united in a definite manner ; the colonies formed in this 
latter way are termed Apical cells and branching are 

absent. Multiplication by division; asexual reproduction by zoo- 
spores, rarely by akinetes. Sexual repi’oduction may be wanting, 
or it takes place by isogamous, rarely by oogamous fertilisation. 

Some are attached by means of a stalk to other objects {Qliara- 
cmm, Fig. 49), others occur as A Endophytes ” in the tissues of 
certain Mosses or Phanerogams, e.g. Ohlorochytrium lemnce^ in Lemna 
tiisulca ; EndospTicent^ in the leaves of Fotamogelon^ Mentha agtiafica, 
and Peplis portula ; Phylluhium, in the leaves of Lymnachia imm- 
midaria, Ajuga^ Ghlora, and species of Grasses ; Scotinosphaira in 
the leaves of Hypnum and Leimia trisulca; the majority, howevei*, 
live free in water and in damp places. Many species which were 
formerly considered to belong to this family have been proved to 
be higher Algaa in stages of development. 

Order 1. Volvocaceae. The individuals in this order are either 
uni- or mnlti-cellular, and during the essential part of their life 
are free-swimming organisms. They are generally encased in a 
mucilaginous envelope, through which 2-6 cilia project from every 
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cell. The vegetative reproduction takes place by the division of 
all, or a few, of the cells of the individual ; in some a palniella-stage 
is found in addition. The sexual reproduction takes place by 
isogamous or oogamous fertilisation. 

The Yolvocaceae may be considered to include the origina! forms of the Chloro- 
phycese, because, among other reasons, the motile stage is here the most promi- 
nent ; they also form the connecting link between the animal Tlagellata, and 
forms intermediate to the Syvgeneticcs may perhaps be found amongst them. 
Three series of green Alg® may be supposed to have taken their origin from the 
Yolvocaceae : Conjugated (DesmidiacecE) which have lost the swarming stage, but 
whose conjugation is the nearest to the fertilisation in Chlamydomoiias pulviS' 
cidus : the Pbotococcaced in which tbe vegetative divisions have disappeared, 
while the swarming stage continues to be present, though of shorter duration ; 
and Teteaspoeaced, in which the vegetative divisions are more prominent, 
whilst the swarming stage is less so. 

A. Unicellulae Individuals. The principle genera are : 
mydomonas^ Sphcerella^ JPhacotus^' — SphcBrella nivalis is the Alga 
w^hich produces the phenomenon of ‘‘ Hed Snow,” well known ch 
high mountains and on ice and snow fields in the polar regions. 
The red colouring matter which appears in this and other green 
Algje, especially in the resting cells, is produced by the alteration 
of the chlorophyll. 

Phacotus lenticularis has an outer covering incrusted with lime, 
which, at death, or after division, opens out into two halves. 
Species may be found among Chlamydomonas, in which conjuga- 
tion takes place between gametes of similar size without cell-wall, 

but in 0> pulvisGulus conjugation 
takes place between male and 
fern ale aplanogametes which are 
surrounded by a mucilaginous 
envelope. 

B. Multicellulae Individuals. 
The most important genera are 
Gonium^ 8tepha7iosphcGra, Pandor- 
ina, Pudorma, Volvox . — Gonium 
has 4 or 16 cells arranged in a 
definite pattern in a flat plate 
(Pig. 4*f). Pandoinna (Pig. 45), 
ere (Pig. 45 A). The vegetative 
reproduction takes place in this way : each cell, after having 
rounded and after the withdrawal of the cilia, divides itself 


Fig. 44— Gonium pecforalo. 

has 16 cells arranged in a 
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into 16 new ones (Fig*. 45 5), each forming a new iiidiTidnal, 
which soon grows to the size of the mother-individual. It was 
in this Alga that the conjugation of self-motile gametes W’as 
first discovered by Pringsheim, 1869. When conjugation is 
about to take place, each cell divides into sixteen, as in vegeta- 
tive reproduction, but the 16 x 16 cells all separate from one 
another (Fig, 45 0, female gametes, and P, male gametes), and 



Fig. 4&.~Pandorina monim. 


swarm solitarily in the water. The male are, most frequently, 
smaller than the female, but otherwise they are exactly alike ; 
they are more or less pear-shaped, with a colourless anterior end, 
2 cilia, a red “ eye-spot,” etc. After swarming for some time they 
approach each other, two and. two, generally a large and a smaller 
one, and come into contact at their colourless end; in a few 
moments they coalesce and become one cell (Fig. 45 U, P), this 
w. B. E 
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has at first a large colourless anterior end, 4 cilia, and 2 eye- 
spots” (Fig. 45 6^), but these soon disappear and the cell becomes 
uniformly dark-green and spherical, and surrounds itself with a 
thick cell-wall, losing at the same time its power of motion : the 
zygote (Fig. 45 B.) is formed, and becomes later on a deep red 
colour. On the germination of the zygote, the protoplasmic cell- 
contents burst open the wall (Fig. 45 J), and emerge as a large 
swarmspore (Fig. 45 K) which divides into 16 cells, and the first- 
small individual is formed (Fig. 45 D, M). 

Eudorina is like Pandorina in structure, but stands somewhat 


Fig. 46.-— Folwx’ glohator, sexual individual : a antheridia which have formed spermato- 
zoids ; h oogonia. 

higher, since the contrast between the conjugating sexual ceils is 
greater, the female one being a motionless oosphere. 

- The highest stage of development is found in Volvox (Fig. 46). 
The ceils are here arranged on the circumference of a sphere, and 
enclose a cavity filled with mucilage* The number of these cells 
may vary from 200-22,000, of which the majority are vegetative 
and not reproductive, but some become large, motionless oospheres 
(Fig. 46 b ) ; others, which may appear as solitary individuals, 
divide and form disc-shaped masses of from 8-256 small spermato- 
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zoicls (Fig. 46 a). After tke oosphere has been fertilised by these, 
the oospox^e surrounds itself by a thick, sometixnes thorny cell- 
wall, and on germination becomes a new individual of few cells. 
A few cells conspicuous by their larger size may be found (1-9, but 
generally 8) in certain individuals, and these provide the vegeta- 
tive re pi'od action, each forming by division a new individual. 

Order 2. Tetrasporace^ reproduce both by vegetative divisions and 
swarmspores, some have also gamete-conjugation. Tlie principal genera are ; 
Tetraiiporay A2)iocystiSi Dactylococcus, DictyospJKsnum, Chlomnyiuin. 

Order 3. Chlorosphseraceas. Ghluro^pJmra. 

Oi’der 4. Pleurococcaceae. In this order the swarm-stages 
and sexual reproduction are entirely absent. Vegetative reprc- 
ductioii by division. The principal genei^a ai*e : Pleurococctis (Pig. 
47), Bcemdesiyius (Fig. 48), Baphiducm, Oocystisy 8cJiizochJamyt^\ 
Crucige7iia, Selenastrum. — Fleitrococcus vulgaris (Tig, 47) is one of 
the most common Algae throughout the world, occurring as green 
coverings on tree-stems, and damp walls, and it is one of the most 
common lichen-gonidia. 



Fig. ‘I?. — Pleiu’ococcas vidgarU. 


Fig. 48. — Scenede^mus qxiaih’icaudti. 
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Order 5. Protococcaceae. The cells are motionless, free or 
affixed on a stalk {e,g. 0/wuumm, Fig. 49), either separate or 
loosely bound to one another ; they never form multicellular 
individuals. Multiplication by division is 
nearly always wanting. Reproduction takes 
place by swarmspores, which have 1 or 2 cilia, 
and sexual reproduction in some by gamete- 
conjugation. The principal genera are : Ghlo- 
Tococcum, Ghlorochytrium^ Glilorocystis^ Scotino- 
splmra^ Endosphceraj Fhyllohium^ Gharadum, 

Opliiooytiuni, Sciadluni. 

Order 6. Hydro dictyacese. The indi- 
viduals are unicellular but several unite after 
the zoospore- stage into definitely- formed 
families (coenobia). Ordinary vegetative division is wanting, but 


Fig. 49. — Characium 
strictum. A The cell-oon- 
tents have divided into 
many swarmspores. B 
Swarmspores escaping. 
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asexual reproduction takes place bj zoospores (or bj motionless 
cells Avith out cilia), which unite and form a family similar to the 
mother-family, inside the mother-cell, or in a mucilaginous enve- 
lope. Where sexual reproduction is found it takes place by 
gamete-conjugation. The principal genera ai*e : Fediastruvi 
50), Cmlastrum, Hydroddctyon (Fig. 51). 

The coenobium of Hydrodictyon reticulatum (Water-net) is 
formed of a large number of cells which ai"e cylindrical, and 
attached to one another by the ends (Fig. 51). The asexual 
reproduction takes place by zoospores, which are formed in large 
numbers (7,000-20,000) in each mother-cell, within which they 
moA^'e about for a time, and then come to rest and arrange them- 
selves into a new net (Fig. 51 A) Avhich is set free by the dissolu- 
tion of the Avail of the mother-cell, grows, and becomes a new 







Fig. 50. l &di(xstvu‘i)i O/Speyii'in. Fig. 51. — Hydrodictyon reticulatum. 

A A cell where the zoospores are on the 
point of arranging themselves to form a 
net. JS A cell with gametes swarming out, 

camobium. The sexual reproduction takes place by gamete-conju- 
gation. The gametes are formed in the same manner as the zoo- 
spores, but in larger numbers (30,000-100,000), and swarm out of 
the mother-cell (Fig. 51 B). The zygote forms, on germination, 
2-5 large zoospores, each AAuth one or tAA^o cilia, these generally 
swarm about fora time, and after a period of rest become irregular 
thorny bodies (polyhedra) ; their contents again divide into zoo- 
spores, the thorny external coating of the polyhedra is cast off, 
and the zoospores, surrounded by the dilated internal coating, 
unite to form a small family, Avhicii produces several others in the 
manlier described. 







Family 2* Confervoideae. 

The inciividiials are always multicellular, tlie cells firmly 
boiiiicl togetlier and iiriited into uubranched or branched filaments, 
expansions, or masses of cells which grow by intercallary divisions 
or* have, apical growth. In the first seven orders the cells are 
uninuclear, but the cells of the remaining three orders contain 
several nuclei. Asexual reproduction by zoospores, ..akineteS' or 
aplanospores. Sexual reproduction by isogamous or oogamoiis 
fertilisation. 

The Goiifervoi<iea.s through the Ulvaceje, are eomiected with the Tetra- 
sporaceje, ami from the Coleoeh(etm:e(e^ \\’hich is the most highly developed 
order, there are the best reasons for supposing that the Mosses have taken 
their origin. The Cladophoracece show the nearest approach to the Slphonete, 

Order 1 . Ulvaceae. The thallus consists of one or two layers 
of parenchymatoas cells, connected together to form either a fiat 
iiieiiibraiie (M(:mostrama^ Viva) or a hollow tube (Enteromorpha)^ 
and may be either simple, lobed, or branched. Reproduction 
takes place by detached portions of the thallus ; or ase.xualiy by 
zoospores or akinetes. Gramete- conjugation is known to take 
place in sonie members of this order, the zygote germinating 
witliout any 2’esting-stage. The majority are found in salt or 
brackish water. 

Order 2. Ulothricaceae. The thallus consists normally of a 
simple unbranched filament (sometmies a small expansion con- 




Fi<5. 52.—Ultifh,ur zotiaia: a jmrtion of a fllacaent with scoospores, which are formed 
two in eacii cell ( 20 o.- 5 poran<j^ium) ; the tlark spots are the red “eje-spots”; 1, 2, 3, 4, 
detiote Hucccssive stages in the development of the zoospores ; b a single zoospore, v 
the palsiiiinu; vacuole; c. portion of a filament with gametes, sixteen are produced in each 
gametanglum ; d free gametes, solitary or in the act of conjugation ; e the conjugation is 
completed, and the formed zygote has assumed the resting-stage. 

sisting of one layer of cells is formed, as in Schizomeris and 
Frasiola which were formerly described as separate genera). 
Asexual reproduction takes 'place , by means of zoospores 
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1, 2, or 4 cilia), akinetes or aplanospores ; tlie last named may 
germinate immediately, or only after a period of rest. Sexual re- 
production takes place by the conjugation of gametes of about the 
same fsize, each having two cilia (Fig. 52 d). The zygote of 
Ulothrix, on germination, produces a brood of zoospores which 
swarm for a time and then elongate to become laments 

(alternation of generations). The gametes may also germinate 
without conjugation in the same manner as the zoospores. The 
principal genera are : Ulothrir, Hormiditim, Conferva, Micro- 
spoo'a, — Ulothrix zo7iata is very common in running fresh water, 
i^early all the species of Hormidium occur on damp soil, tree- 
stems and stones. 

Order 3. Chaetophoracese. The thallus consists of a single, 
branched, erect or creeping filament of cells, often surrounded by 
mucilage. The cells have only one nucleus. Asexual reproduc- 
tion by zoospores with 2 or 4 cilia, by akinetes, or aplanospores. 
In many, conjugation between gametes with 2 cilia may be found. 
They approach on one side, Ulothricaceoe, and on the other, My- 
coideacem. The principal genera are : Stigeoclonium, Draparnaldia, 
Ghcetopliora, JEntoderma, Aphanochcete, HerpostMron, Fhoeothamnion, 

( ‘hlorotylium, Trichoplidus, Gongrosira, Trentepohlia. Most of the 
species of Trentepohlia are coloured red by the presence of a red 
colouring material, which occurs in addition to the chlorophyll. 
They are aerial Algae which live on stones {T. joJdtJnis, ‘Sdolet 
stone, so named on account of its violet-like odour in rainy 
weather), on bark and old wood (T. umhrina^ , or on damp rocks 
(T. aurea). Tricliophilus ivelcheri lives in the hair of Bradypus. 

Order 4. Mycoideaceas, The thallus is discoid, consisting of one or more 
cell-layers, and is always attached. Asexual reproduction by zoospores with 2 
or 4 cilia. Sexual reproduction in some species by the conjugation of gametes 
with 2 cilia. This order forms the connecting link between Chcetophoractec 
and Colmclmtacecs, The species occur in fresh water {CJuetopeltis) as well as 
in salt {Prinpuheimia), on the carapace of tortoises (I)ermatophyton=^Kpklem- 
mydia), or endophytic between the cuticle and the epidermal cells of the 
leaves of tropical plants, destroying the leaf-tissue (Mycoiden). 

Order 5. Cylindrocapsacese. The thallus consists of a 
simple (rarely, in parts, formed of many rows) unhranchecl 
filament, attached in the young condition, which has short cells 
with a single nucleus, and is enveloped in a thick envelope with 
a laminated structure. Asexual reproduction by zoospores wdtb 
2 cilia, which are formed 1, 2, or 4 in each vegetative ceil. The 
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aiitlieridia are produced by a single cell,, or a group of cells,, iii'a' 
.filament, dividing several times without increasing in size. Two 
egg-shaped spermatozoids, each with 2 cilia (.Bhg. 53 D),. are 
formed in each antheridiuni, and escape through an aperture in 
the side ; in the first stages they are enclosed in a biaddei’-like 
nieiiibraiie (Tig. 

53 B, CO* Other 
cells of the fila- 
ment swell out 
and form oogoiiia 
, ( Fig. 53 ) , w,'h.ich 
resemhle.' .those 
oi' €EI' dog onit&m . 

After ' fertilisa- 
tion, the oospore 
surrounds itself 
with a thick wall, 
and as.su mes a 
i*eddisli colour. 

'■ The germination 
i s u II k n 0 W' 11 . 

T h e ' un,fertilised 
oosplieres i*emaiii 
gi'een, divide often 
into 2~4 daughtei’- 
celis, and grow 
into new fila- 
ments. 

This order, 
wdnch -onlv in- 
cludes one genus, Gylindrocapsa, forms the connecting link be- 
tween IJlotliricacem and (Edogoniacem. The few species (4) occur 
only in fresh water. 

Order 6. CEdogoniacese. The thallus consists of branched 
(Bulbochwte) or unbranclied {(Edogonium) filaments, attached in 
the early stages. The cells may be longer or shorter, and have 
one nucleus. Asexual reproduction by zoospores, w'^hich have a 
chaplet of cilia round the base of the colonrless end (Fig. 6 a). 
Sexual reproduction takes place by oogamous fertilisation. On 
tlie germination of the oospoi'e, 4 zoospores are formed (Fig. 54 F). 
They occur only in fresh or slightly brackish water. The division 



F IG. o3.—Cyli)uhyca'psa involuta. A Oogonium with oosnhere 
(o) surrounded by spermatozoids (s). S Two antheridia, each 
with two spermatozoids. C Spermatozoids surrounded by 
their bladder-like membrane. B Free spermatozoid. 



of the cells takes place in quite a peculiar and iinnsnal manner. 
At the upper end of the cell which is about to divide, a ring-shaped 
thickening of soft cellulose is formed transverselj round the wall ; 
the cell-nucleus of the mother-cell and the protoplasm then divide 
bj a transverse wall into two portions of similar size, and the 

cell- wall bursts trans- 


versely along the cen- 
tral line of the thick- 
ened ring. The cell - 
wall thus divides into 
two parts— the upper 
one short, the “cap,” 
and the lower one 
much longer, the 
“sheath.” The por- 
tions of the original 
cell- wall now separate 
from each other, the 
cellulose ring extend- 
ing, and supplying 
an additional length 
of cell-wall between 
them. The cap and 
sheath will project a 
little in front of the 
piece thus inserted. 
The dividing wall be- 
tween the two new 
cells is formed near to 
the uppermost edge 
•of ■ thq; ^ '.'sheath., and: 
gradually becomes 
thicker and firmer. 
The inserted piece of 
wall forms the larger ’ 
part of the wall of the 
upper cell : the re- 
mainder is formed by 
the cap. This mode 
of division is repeated exactly in the same way, and new caps are 
formed close below the first one, one for every division. 


Fig. 54 . — A (Edogcniiwm ciliatum, A Female plant with 
three oogonia ( 03 ) and. dwarf-males (m), B An oogonium 
with spermatozoid (z) seen entering the oosphere ( 0 ) hav- 
ing passed through an aperture near the summit of the 
oogonium; m dwarf-male. C Ripe oospore. D (Edogo^ 
niim gemelli:p(irum. Portion of a male filament from 
which spermatozoids (z) are emerging. JE Portion of 
filament of Bxilhodhmte ; the upper oogonium still en- 
closes the oospore, in the central one the oospore is es- 
caping while the lower one is empty. F Four zoospores 
developed from an oospore. 0 Zoospore germinating. 
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. Fertilisation takes place in tbe following waj. Tlie oogoniiirn 
is a large ellipsoidal, s^vollen cell {og^ in Fig. 54 J), whose contents 
are, rounded off into an oosphere -with a colourless receptiYe-spot 
(see B) ; an aperture is formed in the wall of the oogoniti.m, • through 
which the spermatozoids are enabled to enter {B), The sper- 
inatozoids are produced either directly, -as in D'(in pairs), in basal 
cells, of the ff,laiiient, or . indirectly. , In -the latter ease a swarm-' 
spore {(ViKlrof^-pore) is formed 'which comes, to i^est, attaches itself 


Fm,M&.‘—€QUoch(jEte imhHimta* A A portion of a tballns with, organs of reproduction; 
ft oogoninm before, h after ferfcilisation; can antheridium, closed; d open, with emerg- 
ing s|3ermatiO!Zoid, 3? Eipe oogonium, with envelope. 0 Germination of the oospore. 1) 
Zoospore, E Spermatozoid, 


to an oogonium, germinates, and gives rise to a filament of a vevy 
few cells — dicmy-jnale (d, B, m). The spermatozoids are formed 
in the upper ceil of the dwarf-male (m), and are set free by the 
summit of the antheridiuin lifting off' like a lid. On the germina- 
tion of the oospore (C), which takes place in the following spring, 
4 zoospores are produced (F) (i.6. the sexual genei^ation) ; these 
swarm about for a time, and ultimately grow into new filaments. 

Order 7. Coleochaetacese, The thallus is always attached, 
and of a disc- or cushion-shape, formed by the dichotomous 
branching of filaments of cells united in a pseudo-parenchy- 
matous manner. Each cell has only one nucleus. Asexual re- 
production by zoospores with 2 cilia (Fig. 55 D), which may 
arise in all the cells. Sexual reproduction by oogamous' fertili- 
sation. The spermatozoids resemble the s-warmspores, but are 
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smaller (E\ and originate singly (in the species figured) in small 
conical cells (c, d in J.). The oogonia are developed at the 
extremities of certain branches : they are bottle-shaped cells with 
very long and thin necks (trichogyne) , open at the end (a in ^) ; 
at the base of each oogonium is a spherical oosphere. The sper- 
matozoids i^each the oosphere through the trichogyne, or through 
an aperture in the wall when the trichogyne is absent, and fertili- 
sation having taken place, the oogonium becomes surrounded by a 
cell-layer (envelope), which grows out from the cells near its base 
(b in A\ and in this way a kind of fruit is formed (B) {spermocarp, 
cystocarp). 

The oospore, next spring, divides and forms a parenchymatous 
tissue (homologous wdth the Moss-sporophyte); this bursts open 
the envelope (G), and a zoospore (homologous with the spores of 
the Moss-capsule) arises in each of the cells, and produces a new 
Goleochmte. We have then, in this case, a still more distinct 
alternation of generntions than (Edogonium. Only one genus, 
Coleochcete, is known, but it contains several species, all living in 
fresh water. 

Order 8. Cladophoraceae. This order is probably derived 
from the Uiothricacese. The thallus consists of a single, un- 
branched or branched filament, generally with an apical cell. 
The cells have each 2 or more nuclei. Asexual reproduction by 
zoospores with 2 or 4 cilia, and by akinetes. Conjugation of 
gametes with 2 cilia is found in some genera. They occur in salt 
as 'well as in fresh water. The princij>al genera are : Urospora, 
Chcetomorpha^ llMzoclonmm^ Gladophora ; of the last named genus 
the species C. lanosa and G, rupestris are common in salt water ; 
G.fracfa and 0. glomerata in fresh wuiter. 

Order 9. Gomontiaceae. Gomontia yohjrrhiza, the only species hitherto 
known, is found on old calcareous slieils of certain salt water Molluscs. 

Order 10. Sphaeropleaceae. The thailus consists of free, un- 
branched filaments, with very elongated multinuclear cells. The 
vegetative cells form no zoospores. Sexual reproduction by 
oogamous fertilisation (see page 13, jFig. 10 JB), The oospore has 
a thick wall (Fig, 10 D) studded with warts, and assumes a 
colour resembling red lead. It germinates only in the following 
spring, and produces 1-8 zoospores, each wdth 2 cilia (Fig. 10 B), 
'which grow into new filaments. Only one species, Sphceroplea 
annuHna^ is known. 




Fig. ffranidatum : a an entire plant forming svrarmBpores ; h swarm- 

spores ; c an individual with gametangia ; d, gamete ; e, j\ g conjugation ; h. zygote 
seen from above ; i the same in a lateral view. 

Many (e.g. JDasycIadaceCf^) are very miicli incriisted with lime, and 
occur, in the fossilized condition, in the deposits from the Cretaceous 
period to the present time. The Siphoneie are connected by their 
lowest forms (Botrydiacecp. or Valonia) with the Protococcacete, but 
show also, through the Valoniacese, points of relationship to the 
CLndoplhoracec^, 

Order 1. Botrydiaceae. The thallus in the vegetative condi- 
tion is unicellular, club-shaped, with a small single (Codioltim) or 
repeatedly dichotomoiisly branched system of colourless rhizoids 
(Bolrijdium^ Fig. 56 a), by w^hich it is attached to objects immersed 
in salt water (Codiohm) or to damp clay soil (Bofrydium), 
Asexual reproduction by zoospores with one (Botrydmmi) or two 


Family 3. Siphoneae. 

The thallus has apical growth, and in the vegetative condition 
consists generallj^ of one single (in the Valoniacea? most frequently 
of more) multin uc lean cell, W’hich may he much branched, and 
whose separate parts in the higher forms (e.^. Fig. 57 ;, 

Gmderpm, Fig. 59, etc.) may be diferentiated to perform the 
various physiological functions (as root, stem and leaf). Vegeta- 
tive niultiplieation by detached portions of the thallus (gemmae) ; 
asexual repioduction by zoospores, akmetes, or aplanospores. 
Sexual reproduction by gamete-conjugation, rarely by oogamous 
fertilisation. The zygote or oospore germinates as a rule without 
any resting-stage. . 

Most of the Siphonea3 occur in salt water or on damp soil. 
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cilia, and by aplanospores. The sexual reproduction is only 
known in Boti-ydium, and takes place in the following manner : 
m the part of the thallna which is above ground and in an active 
vegetative condition, several round cells (Pig. o6 c) are formed, 
which may be green or red according as they grow under water’ 
or exposed to the strong light of the sun. These cells must be 
considered as “gametangia” as they produce many gametes (d) 
provided with two cilia. The zygote {h, i) formed by the conju- 
gation (e, /, g) may either germinate immediately, or become a 
tliick- walled resting-cell of an irregailar, angular form. 

Order 2. Bryopsidacese. The thallns in the vegetative condition is uni- 

cellular, and consists at the 
lower extremity of branched 
..rhizoids, while the upper 
portion is prolonged into a 
stem-like structure of un- 
limited growth, producing, 
acropetally, branches and 
leaf. like structures. The 
latter have limited growth, 
and are separated by a cross 
wall from the stem , and be- 
come gametangia, or drop 
off. The gametes have two 
cilia, and are of two kinds : 
the female, which are green 
and large and the male, 

n niethSo?« 

nly one genus, Bryojpsis, living in salt water. 

Orders. Derbesiaceae. one genus, Der&ma, living in saltwater The 

™ fo™a I. . to,, pTi"-. 

eus which has arisen through the coaiesoenee of several, and they resemble 

ofreXurlefss'S'r""" ^ase 

thallus consists, in the vegetative 
condition ot a single irregularly or dichotomously branched cell, 
without differentiation into stem or leaf ; root-like o^ns of attach- 
ment may however occur. Asexual reproduction by zoospores 
w ich are formed singly in the extremity of a branch cut off by 
a transverse wall._ They contain many nuclei, and bear smaJ 
ciiia situated m pairs, which give the appearance of a fine “pile ” 
covering the whole or a great part of the surface. Akinetes, 


a Zi 

Fm. 57.-Bry<,r>sis plunwm. A the plant, natural size. 
B A porbon. (enlarged) which shows the growing point 
(»), and the leaves derived fromit in aciopetal sncces- 
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aplanospores, and pliytoamoebse (naked masses of protoplasm, 
without cilia, which creep like an amoeba on a substratum) may 
occur under certain conditions. 

The sexual reproductive organs are formed on short lateral 
branches, and are separated from the vegetative cell (Fig. 58 A) by 
cell-walls. bTumerous spermatozoids, each with t'vvo cilia, are 
developed in the coiled antheridium (^1, h). The oogonium is a 
thick, eg'g-shaped, often oblique cell, with its protoplasm rounded 
into an oosphere, which has a hyaline receptive-spot ” (a:!, a) im- 
mediately beneath the aperture formed in the wall of the oogonium. 
A slimy mass, wTiich serves to receive the spermatozoids, is formed 
in some species in this aperture. The spermatozoids when liber- 
ated swim towards and enter the oosphere, which then inimedia- 


ce 



Pig. 5S. — VaiicJiena sessilis. J. Fertilisation; b the aiitheridia ; a the oogonia ; a the 
receptive spot, B Oospore. 

tely surrounds itself wnth a thick cell-wall. The mature oospore 
(B) contains a large quantity of oil. At germination the outer 
cell- wall bursts and a new plant is formed. There is only one 
genus, Vauclieria^ with species living in salt as well as in fresh 
w^ater and on damp soil. 

Order 5. Phyllosiphonaceae are parasites in the leaves and stalks of 
Eiowering-plants. 

Order 6. Caulerpaceae. The thallus has distinct difterentation 
into root, stem and leaf-like members (Fig. 59) ; it is unicellular. 
Within the ceil, strong, branched threads of cellulose extend 
from one side to the other serving as stays to support the 
thallus. E/eproduction takes place by detached portions of the 
thallus; no other modes of reproduction are known. This order 
may most approximately be classed with the Bryojpsidacece, The 
genus Caulerpa consists of more than seventy species which 
inhabit the tropical seas. 

Order 7. Codiaceae. The thallus has various forms, but with- 
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out distinct differentiation in stem- or leaf-structnres, sometimes 
{e.g. Ealimeda) it is very mnch incrusted witli lime. In the 
early stages it is unicellular (later, often multicellular), very 
much branched, with the branches, at any rate partly, so united 
or grown in amongst one another (Fig. 60) that an apparently 
parenchymatous cellular body is formed. Akinetes or aplatiospores 
are wanting ; zoospores (or 
gametes?) may be developed in 
some species, liowever, in special 
swollen sporangia. .Fertilisation 
similar to that in JBryopsis occnrs 
perhaps in Goclium, They are 
all salt water forms. 

Order 8. Valoniacese. The thal- 
lus is generally multicellular, without 
differentation into stem- or leaf-struc- 
tures, but the cells are sometimes 
united together and form a leaf-like 
reticulate expansion {e.g. Anadyomene). 

Zoospores are known in some, and 
they are then formed directly in the 
vegetative cells. In others {e.g. 

Valo/na), a m&ss of protoplasm, which 
maybe separated through the damag- 
ing of a cell, can surround itself with 


Pia. Cawlerpa proU/era (natural size). 

reproduction are 

^ w important genera are : Valoma, Siplionoclaius, Cham<edoris, 
Struvea, Murodtctyon, Anadyomene. They are all salt water forms 

similarity and contrast with the 

mZTchaZd ^tii the Dasycladace<e 

® CladopWace,® through SiprLcladue, 
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Order 9/ Dasycladaceae. The thallas consists of an axil e 
longitudinal cell, destitute of transverse walls, attached at the 
base by root-like organs of attachment, and producing* acropetally 
whorls of united, single or branched, leaf-like structures with 
limited growth. Asexual reproduction is wanting. Sexual re- 
proiioction by eonjiigatioii of gametes which arise in separate, 
fertile leaves, either directly or from aplanospores, • which develope 
into irametanghi. The pihicipal genera are : Acetahularia^ Dasy- 
XtKimeris^ CyiitojioUa, All marine. 

The curiously shaped 
Aeetaindarla wediterm- 

‘iiea grows gregarious!}^ | A 



gametangia conjugate with one another; the product of the conju« 
gation swarms about for some time, rounds off, and then surrounds 
itself with a cell-wall. The zygote germinates after a period of 
rest and then produces a sexual plant. The aplanospores (game- 
tangia) thus represent the sexual generation. 

Class 7. Characeae. 

The thallus has a stem with nodes and internodes ; and whorls 
of leaves, on which may be developed the antheridia and oogonia, 
are borne at the nodes. Vegetative reproduction by bulbils and 
accessory shoots. Zoospores are wanting. The antheridia are 
spherical, and contain a number of filaments in which the spirally 
coiled spermatozoids, each with two cilia, are formed. The oogonium 
is situated terminally, and is at first naked, but becomes later 
on surrounded by an investment, and forms after fertilisation the 
so-called “ fruit.” The oospore, after a period of rest, g’erminates 
by producing a proembryo,” from which the young sexual plant 
arises as a lateral branch. The Characese are distinguished by the 
structure of their vegetative system as welt as by the spirally- 
coiled spermatozoids, and stand as an isolated group among the 
Thallophytes, of which, however, the Siphonese appear to be their 
nearest relations. They were formerly, but wrongly, placed near 
the Mosses. The class contains only one order, the Characeae. 

Order 1. Characese. Algae with a peculiar odour, often 
incrusted with lime, and of a brittle nature. They generally grow 
gregariously in large masses at the bottom of fresh and brackish 
water, and are from a few inches to more than a foot in height. 
The stem has long internodes which in Nitella are formed of one 
cylindrical cell ; in Ohara of a similar cell, but closely surrounded 
by a coi’tical layer of smaller ones. The protoplasm in contact 
with the cell-wall exhibits in a well-marked degree the movement 
of rotation (cyclosis), carrying the chlorophyll corpuscles along 
with it. The internodes are separated from each other by a layer 
of small cells (nodal cells) from which the leaves are produced. 
The leaves are borne in whorls of from 6~12 which regularly 
alternate with one another as in the higher verticillate plants ; a 
branch is borne in the axil of the first formed leaf of each w'^hori 
(Fig. 61 A, n). 

The leaves are constructed in the same manner as the stem; 
they ax'e divided into a series of joints, but have only a limited 
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power of 'grow'tli ; their terminal '.cell,' too, is "Hot enclosed hj'^ a' 
cortex.' Leaflets are home at their, nodes. The growth ,of .the 
stem is iinliraitecl, and proceeds hy means of an apical cell (Fig. 

s). The apical cell divides into a segment- cell and a new 
apical cell. The segment-cell then divides bj a transverse wall 
into two cellSj one lying above the other ; the lower one, without 


A Portion of a plant, natural size. B Poriio 
m ; c oosoniara. 0 A shield, —JVitena JlexHis. 
>zoids . B Free spermatozoids. 


any further division, becomes one of the long, cylindrical, inter- 
nodal cells (ITig. 62 in), and the nppep one (Fig. 62 ») divides 
by vertical walls to form the nodal cells. The cortical cells 
(Fig. 62 r) which surround the long internodal cells of Ohara, are 
derived fitjui the divisions of the nodal cells ; the cells covering 

the upper portion of an internodal cell being derived from the 
w. B. 
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node immediately above it, and those in the lower part of the 
iiiternode from the node below it. 

The organs of reprodnction are very conspicuous by their colour 
and form. They are always situated on the leaves, the plants 
being very frequently monoecious. The antheridia (Fig. 61 j 5, a) 
are modified leaflets or the terminal cell of a leaf; they are spheri- 
cal and become red when mature. Their wall consists of 8 
‘‘ shields,’’ i.e. of plate-like cells, 4 of which cover the upper half, 
and are triangular ; the 4 round the lower half, to which the stalk 
of the antheridia is attached, being quadrilateral, with sides of 
unequal length. The shields (Fig. 61 G) have dentated edges. 


Fig. C2 . — Ohara fragilis : s apical cell ; 
n,n nodal cells; m internodal cells; 
hi leaves ; r, r the cortical cells. 


Fig. 63. —- Oogonium of Olfcara ; Ic 
** crown a receptive spot ; s sperma- 
tozoids. 

with the teeth fitting into one another, and their faces ornamented 
with ridges. From the centre of the internal face of each shield 
(0) a cylindrical cell, the manuhrium, projects nearly as far as the 
centre of the antheridium ; at the inner end of each of the manu- 
bria a spherical cell, the capitulum, is situated. Each capitulum 
bears six secondary capituia, from each of which four long coiled 
filaments (0, D) project into the cavity of the antheridium. 
These filaments are divided by transverse walls into from 100-200 
discoid cells, in each of which a hi ciliated, coiled spermatozoid is 
developed (D, from the nucleus. The spermatozoids escape 
from their mother-cell and are set free by the shields separating 
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The femiile organ of reproduction (Pig. 61 B, 63) is a small 
nioditled slioot, whoso apical cell fanctioiis as an oogonium, its 
]sr(.fto]ilasm forming the oosphere, which has a colourless receptiv^e- 
spot at the summit (hig. 63 The oogoniam is situated on a 
iM-uIal cell, from which 5 cells grow out in a circle and coil round 
the oogonium, covering it with a close investment. These cells 
tlivide once or twice at the top, so that o or 10 small cells are 
cut off, which project above the oogo- 
nium and form the so-called “crown” 

(Fig. 63 k). The crown either drops off 
at fertilisation, or its cells separate to 
form a central canal for the passage of 
the spermat05!oids. The wall of the 
oosphere ^ above the receptive spot be- 
comes mucilaginous, and allows the 
speianatozoid to fuse with the oosphere. 
d'he 0 {)spore, on germination (Fig. 64 .y:/), 
becomes a small filamentous plant of 
limiled growth (Fig. 64 /, d, jt?Z)-~-tho 
|,)roenil:>rjo— and from tin's, as a lateral 
ontg’rowtli, the sexual g'eiieration is pro- 
duced, 

Ihe order is divided into two sub- 
orders:— ■ . 

A. IS JTKLLK.'E. The crown consists of 
10 cells; cortex absent: Kiiella, Tohj^ 

peUa,' ■ 

B. CnAUE.E, The crown consists of o 
ceils ; cortex present : Tubji^ellopsis, Lam^ 
prothamnns, Lijcli7iotham7ius, Ghara, 

Chti7'it crinita is parthenogenetic ; in 
large districts of Europe onij female 
plants are found, yet oospheres are 

formed capable of germination. FxG, 64 ,-CJiarafragnis. Ger- 

About 40 species of fossilized Ckara 

determined bj their carpogonia, are rUzoidfiwWTfXmQdf/d; 

known in the geological formations from so-called tap-root; at g 

the Trias up to the present dav T sexual 

X picseui} afiy, planfc,wiiicli appears as a lateral 

bud. 

f ® oosphere divides and cuts off at the base one or 

ixioro eeEs (polar hodios?), termed ** wendungszellen*’^ 
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Class 8. Phaeophycese (Olive-Brown Seaweeds). 

Tlie Pliseophycese are Algse, witli cliromatophores in which the 
chlorophyll is masked by a brown colour (phycophsein). The pro- 
duct of assimilation is a carbohydrate (fucosan), 7ieveT true starch. 
In the highest forms (Fucacece\ the thallus presents differentiation 
into stem, leaf, and root-like structures. The asexual reproduction 
takes place by means of zoospores. The sexual reproduction is 
effected by the coalescence of motile gametes, or by oogamous 
fertilisation. The swarm-cells are monosymmetric, each inoyed 
by two cilia which are true pr*otoplasmic structures, and generally 
attached laterally (Fig. 65). The Phoeophycea3 are almost entirely 
salt-water forms; a few species of Lithoderma live in fresh water. 

The class is divided into two families : — 

1. PH.ai:0SP0REJS : 1 Sub-Family, Zoogonicie; 2 >Siib- Family,’ 
Acinetoe. 

2, CYGLOSPOREiE : Fucace^. 


Family 1. Phaeosporeee. 

The family consists of multicellular plants, whose cells are 
firmly united together to form a thallus ; this, in the simplest 
cases, may be a branched filament of cells {Ectocar2Dns), or, in the 
highest, may resemble a stem with leaves (Laminariacece) y while 
all transitional forms may be found between these twm. The 
thallus grows by intercalary divisions (e.g, Bctocarptis), or by an 
apical cell (e^g. Sphacelarta) ; pseudo-parenchymatous tissue may 
sometimes be formed by cells, which w^ere originally distinct, 
becoming united together. The size of the thallus varies ; in 

some species it is quite small — almost 

■ niicrosco2Dical, — wdiile in the largest it 

is many metres in length. 

The vegetative cells in the lower 
forms are nearly uniform, but in those 
which are more highly developed 
{Laminariacece and Fucacem)^ they are.- 
Fig. o&.-swarmspore of €‘uiiena sometimes SO highly differentiated that 

mechanical, assimilating, storing and 
c )n ducting systems maybe found; the last named systems are 
formed of long cells with perforated, transverse w^alls, which bear 
a strong resemblance to the sieve-tubes in the higher plants. 

■ The colouring m#ter ip the living cells (“phaeophyl ’*) contains 
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cliloroplivll; but ihh is concealed by a brown pliycopluein ”), 
and a yellow pbycoxanthhi ”) colouring material, and lienee all 
tlufse Algaj are a lighter or darker* yellim-hnmn. Starch is not 
formed. Asexual reproduction takes place, (1) by zoospores 
\vhit‘h arise in unilocular zoosporangia, and are moiiosymmetrie, 
witli two cilia attached laterally at the base of the colourless 
iUiterior end (Fig. 9d), tlie longer one being directed forwards 
and the slKuter })ack:wards ; or (2) by aplanospores (?). 

Sexual reproduction has only been discovered in a few cases, and 
takes place by means of gametes (oogamous fertilisation perhaps 



FtG. C)Ck -—E ctKtU'pns I'iUcidosufi, I a-/ 
A ftfiuale gamete in the various siages 
of eoraing to rest. 0 A motionless 
female giiiuete surrounded by male 
gawietes. Ill a-e Stages ia the eoal- 
p«ceiic6 of male and female gametes. 


FiCr. fi7. — 55tiR«, rdui ia coUarm. A !Male 
gametangia(tbe smaller ceiled) and female 
gameturigia {the larger celled). 0 Female 
gamete. 1> Male gamete. J?, J<] Fertilisation. 
F Zygote, (x Germinating zygote. 


occurs iu tlie Tilopteridro). The prametes have the same strxietm-e 
as tlie zoospores, and ai-ise in multilocular gametangia; these, like 
the zoospoi-angia, are outgrowths from the external surface, or 
arise as modifications from it. The conjugating gametes may be 
similar (e.p. i^ctoctzTpuiS or there may be a more or less 

pronounced difference of sex, an indication of which is found in 
Eclocarjpm silicuhsus (Kg. 66). When the gametes in this 
species liave swarmed for a time, some, which are generally larger, 



Fid, 68.— Apex of the thaltus 
of Ch(sto'ji.itens ^luniosa* S Api- 
cal cell. 
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are seen to attacli tliemselves by one of tbe cilia, wHicli by degrees 
is sliortened to form a kind of stalk (compare the upper g*ainete in 
Eig. 66 II ) ; these are the female gametes, wbicli now become stir- 
roimded by a number of males endeavouring to conjugate witli 
them, but only one succeeds in effecting fertilisation. The 
protoplasm of the two gametes coalesces (hig’- 66 III), and a 
zygote (e) is formed. The male gametes which do not conjugate 
may germinate, but the plants derived from them are much weaker 
than those produced by the zygotes. Strongly pronounced sexual 
differences are found in the Cutleriacese, in which order the male 
and female gametes arise in separate gametangia (Eig. 67 j 4). The 
male gametes (Eig. 67 D) are much smaller than the female 
gamete (Eig. 67 C ) ; the latter, after swarming for a short time, 
withdraws the cilia, and is then ready to become fertilised (Eig. 
67 JB, thus we have here a distinct transition to the oogamous 
fertilisation which is found in the Pucacem. Alternation of gene- 
rations is rarely found. 

1. Sub-Eamily. Zoogonicse. 

Heproduction by means of gametes and zoospores. 

Order 1. Ectocarpaceae. The tballus consists of single or 
branched filaments with intercalary growth, extending vertically 
from a horizontal, branched filament or a disc, but sometimes it is 
reduced to this basal portion only. Zoosporangia and gametangia 
(for fertilisation see Eig. 66) are either outgrowths or arise by 
the transformation of one or several of the ordinary cells. The 
most common genera are : Ectocarjpus and Eylaiella. 

Order 2. Choristocarpacese. Chorisiocarpus, Eiscosporangium. 

Order 3. Sphacelariacese. The tballus consists of small, 
parenchymatous, more or less ramified 
■ shoots, presenting a feather-like appear- 
ance. In the shoots, which grow by 
means of an apical cell (Eig. 68 <8) , a 
cortical layer, surrounding a row of 
central cells, is present. Sporangia and 
gametangia are outgrowths from the 
main stem or its branches. Sphacelaria, 
Chseiopteris common forms. 


Order 4. Encoeliaceas. 
coectiSj PhylUtis fascia. 
Order 5. Striariaceae. 


Fnnciaria, Aspero^ 
Striaria, Phl(Bo- 
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Order 10. Chordariacese. The shoot-systems are often stirromided by 
nmcilage. Chonlaria ; LeatheHia dl fur mis occurs as rounded, hrown-greeu 
masses of the size of a nut, generally attached to other Seaweeds, 

Order 11. Stilophoracese. Stilophom rhlzodes is common. 

Order 12. Spermatochnaceas:. Spermatoehmis par€ido.ms is common. 
Order 13. Sporochnaceas. Sporoehnits, 

Order 14. Ralfsiaceas. Ralfsia verrucosa is common as a red-brown incrus- 
tation on stones and rocks at the water’s edge. 

Order Lithodermataceae- Some species of the genus Litlwderma occur 
in fresh water. # 


and has genei'allj a root-like lower part (Fig. 69) wliich serves to 
attach it, and a stalk or stern-like part, terminated by a large leaf- 
like expansion. Meristematic cells 
are situated at the base of the leaf, 

and from these the new, leaves are ' 

derived. The older leaf thus \ 

pushed away by the intercalary \ W ' (*' f \ \\ 

formation of the younger ones, n I' V \ \\\ Y ]' \ 

soon withers (Fig, 69). GametevS \W V\ W' jl ■ 
are wanting. Zoosporangia are \ \ \ Vv /' I 

developed from the lower part of \ \ ^ / 

a simple, few-celled sporangio- / 

phore, which is an outgr*owih from / 

a surface- ceil and has a large 

club-formed apical cell. The spo- ji 

rangia are aggregated into closely ' ll 

packed sori, which coyer the lower - ^ 

part of the terminal leaf, or occur / 

on special, smaller, lateral, fertile ij 

fronds (Alaria), Most of the j 

species belonging to this order live | 

in seas of moderate or cold tein- 
perature and occur in the most 
northern regions that have yet Fts. m,-Lamimna 
been explo 2 :*ed, forming their organs redaccd in size), 

of reproduction during the cold and darkness of the arctic night. 
Laminaria is destitute of a midrib and has only one terminal leaf. 
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L. digit ata has a broad leaf, which, bj the violence of the waves, is 
torn into a number of palmate strips (Fig. 69). i. saccharina 
a small, undivided leaf. Alaria a midrib and special fertile 
fronds. A. esculenta occurs plentifully on the west coast of Kor- 
waj and on the shores of Grreat Britain. Ohorda filum, a common 
seaweed, is thick, unbranched, and attains a length of several 
metres, without any strong demarcation between stalk and leaf. 
Some attain quite a gigantic size, e.g, 3£ac7-ocystis era, whoae 
thallus is said sometimes to be more than 800 metres in length. 
The Lessoida-Bpeoies, like the above, form submarine forests of 
seaweed on the south and south-west coasts of South America, 
the Cape, and other localities in the Southern Hemisphere. , 

Uses. The large Laminarias, where they occur in great numbers, are, like the 
Tiici, used for various purposes, for example, in the production of iodine and 
soda, and as an article of food {Laminaria saccharina, Alaria esculenta, etc). 
Laminaria saccharina contains a large quantity of sugar (mannit) and is in 
some districts used in the preparation of a kind of syrup ; in surgical operations 
it is employed for the distension of apertures and passages, as for instance the 
ear -passage. It is by reason of the anatomical peculiarities and structure of the 
cell- walls, that they are employed for this purpose. Th^ cell-walls are divided 
into two layers, an inner one which has very little power of swelling, and an 
outer one, well developed and almost gelatinous — the so-called ‘‘intercellular 
substance” — which shrivels up when dried, but can absorb water and swell to 
about five times its size. The stalks of Laminaria clmtoni are officinal. 

Order 17. Cutleriacese. The thallus is formed by the union 
of the originally free, band-shaped shoots. The growth is inter- 
calary. Sexual reproduction by fche conjugation of male and 
female gametes. An asexual generation of diferent appearance, 
which produces zoospores, arises from the germination of the 
zygote. Outleria, Zanardiuia, 

Sub-Family 2, Acinetae. 

Branched, simple cell-rows with intercalary growth. The 
organs of reproduction are partly uni- and partly multi-cellular ; 
in the nnicellular ones a cell without cilia is formed, which may be 
destitute of a cell- wall, but has one nucleus (oosphere ?), or which 
has a cell-wall and contains several (generally four) nuclei 
(aplanospores ?); in the multicellular, monosymmetric swarm-cells 
with two cilia (spermatozoids ?) are formed. The fertilisation has 
not been observed. 

Order 1 . Tilopteridacese* Eaplospora, Tilopteris, 
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Family 2. Cyclosporeae. 

The individuals are multicell ulai*, with growth by an apical 
cell. The thallus — often bilateral—is differentiated into a root- 
like structure (attachment-disc), and stem, sometimes also into 
leaves (Sargassum), Sometimes a differentiation occurs into 
various tissue-systems, viz. an external assimilating tissue, a storing 
tissue, a mechanical tissue of thickened, longitudinal, paFenchyma- 
tons, strengthening cells, and a conducting tissue of sieve-cells, or of 
short sieve-tubes with perforated walls. Colouring material, as 
in Phaeosporese. Vegetative reproduction can only take place by 
means of detached portions of the thallus {Sa'rgassmn% which are 
kept floating by means of bladders (BTg. 70 A, a, Fig. 72). Zoo- 
spores are wanting. 

The sexual reproduction takes place by oogamous fertilisation. 
The oogonia and antheridia are formed inside special organs 
(conceptacles), and are surrounded by parapbyses. Tbe concep- 
tacles (E'ig. 70 P, Fig, 71 h) are small, pear-shaped or spherical 
depressions, produced by a special ingrowth of the surface cells 
of the thallus, and their mouths {osHoIes) project like small warts ; 
they are either situated near the end of the ordinary branches of 
the thallus {Fucits serraUis^ Fig. 71 a) which may be swollen on 
this account (Ftictts vesiculosus, Fig. 70 A, 6), or on special short 
branches {Ascophyllum, Sargassum), The vertical section of a 
conceptacle is seen in Fig. 70 B (see also Fig. 7i h) where, in 
addition to the paraphyses, oogonia only are seen (F. vesimAosns is 
diamious— male plant, yellow-brown; female plant, olive-brown); 
but in some species antheridia, together with oogonia, are pro- 
duced in the same conceptacle. Tlie oogonia are large, almost 
spherical cells, situated on a short stalk, in each of which are 
formed from 1-8 (in Fums, 8 ; in AscophjUmn, 4 ; in Ilalulrys, 1 ; 
in Peketia^ 2) rounded, immotile oospheres. The wall of the 
oogonium raptures, and the oospheres, still enclosed in the inner 
membrane, are ejected through the mouth of the conceptacle, and 
float about in the water, being finally set free by tbe bursting of the 
inner membrane. The antheridia are oblong cells (Fig. 70 0, a), 
many of which are produced on the same branched antlieridio- 
phore (Fig. 70 0) the numerous spermatozoids are provided 
with 2 cilia and are very small (Fig. 70 D, two antheridia sur- 
rounded by spermatozoids, one being open). The spermatozoids, 
still enclosed by the inner membrane of tbe antheridium, are 



vesiculosxts. A Portion of thallas with swimming bladders (a) and 
B Section of a female conceptacle ; the moath; p the inner cavity; 
heridiophore; a antheridium ; v sterile cells. D Antheridia out of which 
^ are escaping, B Fertilisation. F Germinating oospore. 


to some object, and by cell-division gi’ows into a new plant. 
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Order 1. Fucaceee. The folio wmg species are common on oiir 
coasts: Fucus vesictilosus (Fig. 70) has a thallns with an entire 
margin, and with bladders arranged in pairs ; F., serratm (Wig, 71) 
wdthout bladders, blit with serrated margin ; AscophjUum nodosum 
has strap-like shoots, which hei*e and there are swollen to form 
bladders ; Halidrys siliquosus has its swdmming bladders divided 
by transverse walls ; IlimanthaUa Zorea, which is found on tlie west 
coast of Norway, and the sontli coast of England, has a small 
perennial, bn fcton-shaped part, from the centre of which proceeds 
the long and sparsely branched, strap-like, annual shoot, which 



FiCr. ri.— FjtiJus S(?n*aOts. a Portion of a male plant whtcb has been exposed to the 
action of the open air for some time ; small orange-yellow masses, iorme*l by the ar.ther- 
iiiia, are seen outside the mouths i)f the male coneeptacles (naLsiac). h Cross seeiion through 
the end of a branch of a female plant, showing the female coneeptacles ( x %). 

bears the coneeptacles. The Gulf-weed {Sargassnm hacc\fermn, 
Fig. 72) is w^ell known historically from the voyage of Columbus ; 
it is met %vith in large, floating, detached masses in all oceans, 
and is found most abundantly in the Atlantic, ofl: the Canary 
Islands and the Azores, and towards the Berinudas. Tlie 
stalked, spherical air-bladders are the characteristic feature of 
this genus. The thallus is more highly developed than in Bmcu,% 
and there is a contrast between the stem and leaf-like parts. _ The 
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portions which are found floating are always barren, only those 
attaclied are fertile. 

Uses The Facacese, like the Laminariaoeffi, are used as manure (the best 

kinds beint La*. esic-dos... and AscapkylUn. nodosum), ior burmng to pro- 

duce kelp, and as food for domestic animals (Aseophyllum nodosum is especia y 
used for this purpose). 

Class 9. Dictyotales. 

The plants in this class are multicellular, and brown, with 
apical growth, new cells being derived either from a flat apical 
cell or from a border of apical cells. The thallus is flat, leaf- or 
strap-shaped, attached by haptera, which are either found only 
at the base, or on the whole of the lower expansion of the thallus. 
The cells are differentiated into the following systems of tissues ; 
an external, small-celled layer of assimilating cells, generally one 
cell in thickness, and an internal, large-celled layer of one or only 
a few cells in thickness, forming the mechanical and conducting 
tissues. All the reproductive cells are motionless. Asexual re- 
• production by' naked, motionless spores (tetraspores) which are 
formed 1-4 in each tetraspoi-angium, the latter being outgrowths 
from the surface cells of special, sexless individuals. Zoospores 
are wanting. The sexual organs are of two kinds, oogonia and 
antheridia, which are formed from the surface cells, either on the 
same or different individuals. The oogonia are spherical or oval, 
and are generally placed close together ; each contains one 
oosphere, which on maturity is ejected into the surrounding 
water, and is then naked and motionless. The antheridia are 
formed of longitudinal cells, united in groups, whose contents 
by repeated divisions— transverse and longitudinal— are divMed 
into a large number of small, colourless, motionless spermatia 
round or elongated— which are set free by the dissolution of the 
wall of the antheridinm. The process of fertilisation has not 
yet been observed. 

The Dictyotales, in having tetraspores and spermatia, deviate 
considerably from the Phseophyceffi, but may be classed near to 
the Tilopteridse, in which there are asexual spores with 4 cell- 
nuclei, which may be considered as an indication of the formation 
of tetraspores. 

Order 1. Dictyotaceae, Dictyota dichotoma which has a thin, regularly 
aiebotomously divided thallus, occurs on the coasts of the British Isles 
JPadina is found on the south, coast. 


BANGIOIDE^. 


77 


Class 10. Rhodophyceae (Red Seaweeds). 

The plants comprised in this class are mnlticelliilar ; they are 
simple or branched filaments, or expansions consisting of *1 to 
several layers of cells ; the thallus may be differentiated (as in 
many Floridece), to resemble stem, root, and leaf. The cells con- 
tain a distinctly differentiated nucleus (sometimes several), and 
distinct chromatophores, coloured by rhodophyil. The cliloro-^ 
phyll of the chromatophores is generally masked by a red colour- 
ing matter (phycoerythrin), which may be exti^acted in cold, fresh 
water ; or rarely by phycocyan. Pyrenoids occur in some. Starch 
is never formed in the chromatophores themselves, but a modifi- 
cation— Ploride^ starch— may be found in the colourless proto- 
plasm. Asexual reproduction by motile or motionless spores 
(tetraspores) which are devoid of cilia and of ‘cell-wall. Swarm- 
spores are never found. 

Sexual reproduction is wanting, or takes place by the coales- 
cence of a spermatium and a more or less developed female cell. 
The spermatia are naked masses of protoplasm, devoid of cilia and 
chromatophores. The female cell (carpogonium) is enclosed by a 
cell-wall, and after fertilisation forms a number of spores, either 
with or without cell-walls (carpospores), which grow into new 
individuals. 

The Phodc^phyceae may be divided into two families : 

1, BANGIOrDEiE. 

2. PLORIBEJ]. 

Family 1. Bangioideai, 

The thallus consists of a branched or unbranched cell-filament, 
formed of a single row or of many rows of cells, or of an expan- 
sion, one or two layers of cells in thickness, biit without conspic- 
uous pores for the intercommunication of the cells. The growth of 
the thallus is chiefly intercalary. The star-like chromatophores 
contain chlorophyll and are coloured blue-green with pliyoocyan, 
or reddish with phycoerythrin ; all these colouring mattei^s are 
occasionally found in the same cell (Bctw^m-species). Asexual 
reproduction by tefci*aspores, without cilia, but capable of amoebaid 
movements. 

Sexual reproduction is wanting, or takes place by the coalescence 
of a spermatium with a carpogonium, which is only slightly differ- 
entiated from the vegetative cells, and is devoid of a trichogyne. 
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The earpospores are destitute of cell-wall and arise directly by 
the division of the fertilised oosphere. The Bangioidete occur 
chiefly in salt water. 

Order 1 Goniotrichacea.-The thaUus consists of a branched cell- 
filament without rhizoids. Tetraspores are formed directly from the enhre 
fltents of .the mother-cell, without any preceding division. Fertilisation 

unknown. Asterocystis, Goniotnehum. _ 

The Gmiotriehaeem, through the blue-green Asterocystis, are allied to the 
Mvxophyeeffi, and through Goniotrichum to the Porphyraeex. ^ _ 

Order 2 Porphyracese.— The thallus is formed of an expansion consisting 
of a layer of 1-2 ceUs, which, at the base, are attached to the substratum by 
ILs of a special form of haptera (Porp/iyra, Biplodei-raa) ; or of unbranched 
(very rarely slightly branched) filaments, attached at the base ^ptera 
Bmipfo): or it extends from a prostrate cell-disc (various species of Eij/ 
ricMa). Tetraspores are formed after one or more divisions of the mother-ceU 
Xr from the whole or only a pert of its contents; they possess amoeboid 
movements, or have a jerky, sliding-forward motion. The antheridia have 
the same appeai-ance as the vegetative cells, but divide several times, and 
Iteral spermatia are formed, either simultaneously from the whole contents 
(PorpMra, Bangia), or the spermatia are successively formed from a_ part of 
the contents of the antheridium (Erythrotrichia). The carpogonium is with- 
out a trichogyne, but the oosphere has a colourless spot which may some- 
times rise a little above the surface of the thallus, and may be considered 
as an early stage in the development of the trichogyne. The spermatia form 
a canal through the membrane of the carpogonium, and their contents coal- 
esce with the oosphere at its colourless spot. The fertilised oosphere divides 
on germination into a number of earpospores, which are set free as naked, 
motionless masses of protoplasm, which grow and give rise to new individuals 

(alternation of generations). 

Family 2. Florideae. 

The thallus has one or more apical cells, grows principally by 
apical growth, and may be differentiated into root, stem, and leaf. 
The chromatophores vary in form, but have a red or brownish 
colour, due to chlorophyll and phycoerythrin. Asexual repro- 
duction hy motionless tetraspores, which generally arise hy the 
division into four of the contents of the tetrasporanginm. The 
carpogonium has a trichogyne, and the earpospores, which are 
formed indirectly from the fertilised oosphere, posse.ss a cell- 

The thallus may assume very different forms. In the simplest 
species it is filamentous and formed of single, branched rows of 
cells {Gallithamnibn, etc., Fig. 73). O&ramium, has a filamentous 
thallus, generally dichotomously forked (Fig. 76), or sometimes 
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pinnately branclied, wkich, at tlie nodes, or throngliont its entire 
lengthj is covered by a layer of small cortical cells. Polyaiphoma 
(Fig. 74) has a filamentous, much branched thallus, made up of 
a central cylindrical cell, surrounded by a layer of other cells, 
cortical cells, which in length and position correspond to the 
central ones. In many of the Red Algse the vegetative organs 
are differentiated into stems and leaves, the former having, as in 
Ghara, unlimited growth in length, whilst the latter soon attain 
their full development, Ghondriis has a fleshy, gelatinous thallus, 
without nodes ; it is repeatedly forked into flat branches of vary- 
ing thickness. Furcellaria has a forked thallus with thick branches 


Fio*. 73 . -Callithamnion elegans : a a plant with Fig. 74.-“PoI{/s»p7iOHirt vurlegatn : 

tetraspores ( x 20) ; h apex of a branch with a a portion of a male plant with 
tetraspores(x 250). antheridia; I spermatia; c trans- 

verse section of thallns. 

and without nodes. The thallus of JDelesseria (Fig. 76) consists of 
branches, often hearing leaf-like structures, wdth a midrib and 
lateral ribs springing from it. These ribs persist through the 
wdnter, and at the commencement of the succeeding period of 
vegetation the lateral ribs become the starting points for new 
leaves. In Gorallina the thallus is pinnately branched, and 
divided into nodes and internodes. The name has been given to 
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whole plant adopts a coral-like appearance. Uther genera which 
are similarly incrusted, and hare a leaf-like or even erustaceons 
thallns (such as Melohesia, Lithothamnion), are included in this 
family. 

In some instances the cells of the thallns may be found 
entiated into more or less well defined tissues, so that it is possible 
to find special assimilating, mechanical, and conducting tissues, 
the last named in some cases having the double function of con- 
ducting and of serving as a reservoir in which starch is found as a 
reserve material. The cells of the Ploridese, which are formed by 
the division of a mother-cell into two daughter-cells of unequal 


Fig. T5.~CeramLum diaphanum (uat. size). Fig, ^B.—Vdesseria smiguinea (about 

size, have always larger or smaller pits in the. cell- walls, and the 
thin cell- wall separating two pits from each other is’ perforated by 
a number of small holes. These pits are particularly developed in 
the conducting tissues, bub sieve-tubes are very rarely to be found. 

Tetras]pores may be wanting '{e.g, Lemanea) or may often arise 
on special, non-sexual individuals. In some (e.g. Batrachos^pt r- 
mum) only one tetraspore is formed in each tetrasporangium, but 
the number is generally four, which may be formed tetrahedrally 
(Fig. 73) or by divisional walls perpendicular to each other, or 
even in a single row. The tetrasporangia in sonie species are free 
(Fig. 73), but in the majority they are embedded in the thallns. ■ 
The sexual reproduction (discoveii*ed by Thuret and Bornet, 
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1867) differs in tlie essential points from tliat of all otlter 
plants, and approaches most nearly to the sexual reproduction 
of the Bangioidece. The sexual cells are developed from the 
terminal cells (never nodal ceils) of the branched cell-filaments, 
which constitute the thallns. The mother-cells of the spermatia 
(Rpermatcmgia) are generally arranged in a group, in the so-called 
antlieridia (Figs. 74, 11 A, a). On becoming ripe the membrane 
of the spermatangium ruptures and the spermatia emerge as 
spherical or ovoid, naked (a little later they may possess a cell- 
wall) masses of protoplasm which are not endowed with the power 
of motion, and hence are carried passively by the current of the 



Fig. 77. — A Lejolisia mediterranea : rhaptera; s longitudinal section through a cystocarp ; 
the empty space left by the liberated spore (t). B~E Nemalion muliijldwni: a antheridia ; 
b procarpium with trichogyne, to which two spermatia are adhering. 

water in which they may happen to he, to the female cell. This 
latter is analogous with the oogonium of the Green Algm. The 
female reproductive organ is termed the procarpium, and consists 
of twm parts, a lower swollen portion — the carpogonhim (Fig. 77 h 
in A and B ) — which contains the cell-nucleus, and an upper 
filamentous prolongation — the trichogyne (Fig. 17 B ) — which is 
homologous with the colourless receptive spot of the oosphere of 
the Green Algm, and the Porphyracem* In the sexual repi^od ac- 
tion of the majority of the Florideae, a very important part is 
played by certain special cells, rich in cell-contents — the auxiliary 
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cells. These, are either dispersed in the interior of the thallns, 
dr are arranged together in pairs with the cell-filament which 
bears the carpogoniuni, and are generally united with this to 
form an independent mnlticellular procarpiiim. The spermatia 
attach, themselves firmly to the trichogyne and surround them- 
selves with a cell-walL The dividing wall at the point of contact 
is perforated, and the nucleus of the spermatium probably travels 
through the trichogyne to the swollen part of the procarpium 
—the carpogonium — and fuses with its nucleus. After fertilisation 
the trichogyne withers (Fig. 77 0), but the lower portion of the 
procarpium, constituting the fertilised oosphere, grows out and 
forms in various ways, first a tuft of spore-forming filaments 
known as gonimohlasts, and finally the carpospores. These latter 
form a new asexual generation (compare the germination of the 
oospore of (Edogonium and Goleochcete). 

The gonimohlasts may arise in three ways 

1. In the Nemalionales, branched filaments grow out from the oosphere and 
form an upright, compressed or expanded tuft of spore-formiog filaments. 

2. In the Cryptonemiales^ several branched or unbranched filaments {oohlas- 
tema-Jilaments) grow out from the oosphere, and conjugate in various ways with 
the auxiliary cells. The gonimohlasts are then formed from the single cells 
produced by the conjugation. 

3. In the Gigartinaies and Bhodymeniales the oosphere conjugates with an 
auxiliary cell by means of a short ooblastem a- filament, and from this auxiliary 
cell a gonimoblast is produced. 

The motionless carpospores^ which sometimes in the early stages are naked, 
and afterwards invested with a cell-wall, are developed from the terminal cells 
(and perhaps also from some of the other cells) of the branches of the gonimo- 
blast. The gonimohlasts constitute sharply defined parts of the plant in which 
the carpospores arise. These parts are called cystocarps and are either naked 
(Fig. 77 E)y or surrounded by a covering (pericarp or involucre. Fig. 77 A) 
formed in different ways. On this account the Floridese were formerly divided 
into GYMNOSPOBEiE {Batrachosperniu7n-, Nemalion, Ceramium, etc.) and Angio- 
SPOEE33 {Earcellaria, Lejolisia, Delesseria^ Melobesia, etc.). 

The Florideee are divided into four sub-families : — 

Sub-Family I. Nemalionales. The fertilised oosphere produces directly 
the gonimoblast. 

Order 1. Lemaneacese. Algte of brownish colour and living in fresh 
water. They lack tetraspores, and the very sparingly branched fertile filaments, 
composed of many rows of cells, grow out from a pro-embryo, which consists of 
a single row of cells bearing branches. Lemanea fiiiviatilis, often found on 
rocks and stones in quickly fiowing streams. 
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Order 2 . Helminthodadiacese. Tetraspores aregeiieraUv wantini:^ in 
Nemalioii) or arise one in each tetrasporangium {e.g. Batmchospenmim) audit 
is only in Licigorci that four cruciate tetraspores are formed* Chiintf'ii^a-iin 
corymUfera consists of simple, branched cell-rows, and is an independent species. 

Several oiliet Ghantransia^f arms, living in fresh water, are “ proembryos •’ oi 
species of the genus Batracho^permimu The germinating carpospore grctws out 
into filaments and forms a so-called proembryo wbieh, if not shaded, attains 
only a small size, but when growing in shady situations presents a mucli greater 
development. These highly developed proembryos have beeri described as 
species of Charitransia, The proembryo can reproduce by division, or by tetra- 
spores which are developed singly in the sporangia ; in i>*. vagum and i>‘. spom- 
Ians which do not possess fully developed female reproductive org?ins, the pro- 
embryos serve almost entirely to reproduce the species. The young Bat racing- 
.s'pcmam-plant arises from the end of an upright filament of the proeinbryu. 

The proembryo is generally persistent, and continually produces new Batracho- 
sperniums. These latter bear the sexual reproductive organs and also whorls of 
branches ; the central row of cells is enclosed by cells growing from the base of 
the whorls of branches, and from these cortical cells secondary proembryos are 
developed. In this alternation of shoots there is really no alternation of 
generations, since the proembryo and the shoots with the sexual reproductive 
organs are parts of the same thallus. 

Several species of Batrachospermum have a bluish green or verdigris colour. 

Nemalion multijidum has a brown-red thallus, slightly branched, which is 
attached to rocks near the water’s edge. 

Orders, Chastangiacese. (jakicnwm has a thallus thickly incrusted with 
lime. 

Order 4. Gelidiacess. Naccanay Gelidiimu J' 

Sub-Family 2. Gigartinales. The fertilised auxiliary cell grows towards 
the thallus, to produce the gonimoblasts, Procarpia generally present. 

Orders. Acrotylaceas. Acrotyliis. , I 

Order 6. Gigartinaceae. G-igartimif Pkyllopkoni, JJmfdtia; Chondrits 
crispus^ with dark red, dichotomously branched thallus, is common on the 
coasts of Scandinavia and Great -Britain. 

Order 7. Rhodophyllidacese. EhodovhyUis, Bnthom; Cystoclonlum par- ’’ 

purascens is common, and sometimes the ends of its branches may be modirieil : 

into tendril-like haptera. 

Sub-Family 3. Rhodymenia!es. The fertilised auxiliary cell forms the 
gonimoblast on the side away from the thahus. Procarpia are abundiiiitiy 
produced. 

Order 8. Sphserococcaceas. GracUarta. 

Order 9. Rhodymeniaceae. llhodyuieiiia palmata is a common species. 

Lomentaria^ Chylocladia, Flocamium. 

Older 10. Delesseriacese. Belesseria sangaima ; I), alata tmd I), simiam 
are handsome forms wdiich are not uncommon. ' 

Order 11. Bonnemaisoniaceas. BonnemaisoniaM 

Order 12. Rhodomelacess. Rhodomela^ Odunthalia ; Polysiphoma, of ; 

which many species are to be found on the coasts of Great Britain, has a „ , ! 

filamentous, richly branched thallus consisting of a central row of ctdls sur- ' : 
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rounded by a varying nmnber of cortical cells of similar size-the so-called 
“ tder/i Ceramiace*. Pretty Alg*, often branched dichotomously, or 

unhaterally pinnate. Spermothumnion, Griffithsia, Camhamrnon, Caami , 

^sri-amily 4. Cryptonemiales. The cells formed by the coalescence 
of tSauxTliary cells aid the ooblastema-filaments, produce the gonimoblas s. 
The carpogoniuvi-jilmnenu and the auxiliary cells are scattered singly m the 

tballns. . . 

Order 14. Gloiosiphoniaceae. Gloiopeltis. 

Order 15. Grateloupiaceae. Halymenia, Cnjptonemia. 

Order 16. Dumontiaceae. Buniontia, Diidremaya, 

Order 17. Nemastomacem. Furcellaria, which has dichotomously 
branched, round shoots, is common on the coasts of Great Britain. 

Order 18. Rhizophyllidacem. Polyides, Bhizophylhs. 

Order 19. Squamariaceae. The Algie belonging to this order form crust- 
like coverings on stones, mussel-shells, and on other Algse, but are not them- 
selves incrustated ; Petroccfis, Cruoria, Pei/ssoncUict. , , 

Order 20. Corallinaceae. Partly orustaceous, partly erect, branched Algse, 
thickly incrnsted with lime, so that a few species (Lithothamnla, also called 
miUpora) occur in fossiUzed condition from Jurassic to Tertiary periods. 
Melobesia, Lithopliyllum, Lithothamnion, Corallina. 

Uses. “Carragen’’ is the thallns o£ Ohondnts cri^ptts (Irish 
Moss) and Gigartina mamillosa. It is a common article of food on 
the coasts of Ireland, and swells to a jelly when cooked. It is 
officinal. Ehodymeyda palmata is generally eaten as food m 
Ireland and in some places on the west coast of Norway; it is 
also used as food for sheep and hence is termed “ Sheep-seaweed.” 
Agar-Agar is the jelly obtained from species of Oelidium and 
Gigartina growing in China and Japan. 


Sub-Division III. FUNGI. 

Mode of Life. The Fungi have no chlorophyll, and are thus 
unable in any stage of their existence to assimilate carbon ; they 
must therefore live as saprophytes or parasites. There is, however, 
no strong line of demarcation between these ; many Fnngi com- 
mence as true parasites, but only attain their full develop- 
ment upon or in dead plants or animals (BJiytisma, JEmpnsa). 
Many saprophytes may occasionally appear as parasites, and are 
then designated' ^^facultative parasites ” (fNectria cinnaharina, 
Lopliodermium pinastri), in contradistinction to those -which only 
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appear as parasites, obligate ^parasites^' (Mildew, Brand- and Rust- 
Fungi, Gordyceps) . 

The parasites which live on the surface of the host-plant are 
termed epiphytic (Mildew, those living- in its 

tissues are termed endophytic (JJstilago, Feronospora), 

(Obdium tonsurans^ Labotdbenia) and endozoic Fungi {Cordyc^^p,^ 
Buiomophthora)^ are distinguished, in the same manner, as those 
which live on the surface or in the interior of animals. The thmgi 
designated pathogenic are especially those which produce disease 
in human beings and in animals. 

Most of the diseases of plants are attributed to the parasitic 
Fungi. These force their way into the host- plant by piercing tin* 
outer wall of the epidermis, as in the Potato-disease ; or by grow- 
ing in through the stomata, e,g. the summer generations of the 
R/iist of Wheat ; or they can only penetrate through a wound, 
e.g, Nectria. Some effect an entrance into the host-plant by the 
secretion of a poisonous matter or ferment, which softens and 
destroys the cell- walls (ScleroHnia). Some Yeast and IMould 
Fungi secrete ferments (enzymes), which, for example, convert 
cane-sugar into a sugar capable of fermentation. 

The relation of the parasitic Fungus to the host-plant is niaijdy 
of two kinds. In the one ease, the cell -contents are destrewed, 
the protoplasm is killed, and the cellular tissue bec;omes discoloured 
and dies (Peronosponi, Armillaria mellea, Palyporus) ; in the 
other case, the parasite has an irritating ellect on the cellular 
tissue, wliereby the aff’eeted organ gi’ows more rapidly a^td be- 
comes larger than normal, producing hyperinrphy. Such msilfor- 
inations are termed Fiingi-galls (Mycocecidia) ; in tliis manner 

witches’ brooms” are produced by JEcidlmu^ pocket-pium by 
Taplirina^ and other deformities by Exoba-sliUmn and Cy.diymH 
candidus. This hypertrophy may either be prodiu'ed l>y a vi.gor«.>ns 
cell-multiplication- which is most frequently the case, or by the 
eniai\gemeiit of the individual cells {Synchytriiinf, Calyptuspora). 
The relation between host and Fungus among the Lichens is of 
a very peculiar nature, termed synihimisP 

Vegetative Organs. The vegetative parts of a Fungus are 
termed its myceliunid This is foianed of a mass of long, eyliiubicah 
branched cells resembling threads (and hence terme«l hyphn), 
which have a continued apical growth. The mycelium, in its 
early development, shows a well-marked diff'erence betw-'een the 
J From the Greeh Ati'/o?s==Fangus, hence ** myology.” 
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two main groups of true Fungi : in the Fliycomycetes^ or Algal 
Fungi, the mycelium has no transverse walls, and is therefore 
iinieeliular, while in the Mesomycetes and Mycomycetes it is pro- 
vided with dividing walls, which gradually arise during grow^th, in 
the youngest hypha? ; intercalary transverse walls may also be 
formed at a later period. In the hyphje of some of the Higher 
Fungi (Hymenomycetes), connections may be formed between tw'o 
contiguous cells of the same hypha, by a protuberance growdng out 
from an upper ceil just above the transverse w'^all, and foi*ming a 
junction with the cell below. These are known as clamp- connec- 
tions; they appear to be of use in affording communication be- 
tween the tw^o ceils. 

The hyphse of Fungi, where they come in contact with one 
another, often grow together, so that H-formed combinations (fu- 
sions) are prodnced, which give rise to very compact felted tissue. 
When the hyphae are not only closely interwoven, but also united 
and provided wdth many transverse walls, the mycelium assumes 
the appearance of a tissue with isodiametric cells, and is then 
termed pseudo-parenchyma. The hyphse-wails are sometimes very 
much thickened, and composed of several layers, and the external 
layers, by the absorption of water, may often swell very much 
and become mucilaginous. In some instances the walls are colour- 
less, in others coloured, the most frequent colour being brown. 
The cell-contents may also be coloured, and in that case are gene- 
rally yellow; this colour is chiefly connected wdth the fat (oil) 
'which may be found in abundance in the Fungi, whilst starch is 
invai'iahly absent in all the true Fungi. 

The mycelium assumes many different forms ; vSometimes it 
appears as a thread-like, cobwebby, loose tissue, less frequently as 
firm strands, thin or thick membranes, horn-like plates or tuber- 
like bodies. The thread-like mycelium may, in the parasitic Fungi, 
he intercellular or intracellular, according as it only extends into 
the interstices between the cells or enters into the cells proper. 
In the first case there are generally found haustoria, or organs of 
suction (e.g. among the Feronosporacece ; Taphrma, on the contrary, 
has no haustoria) ; but haustoria are also found among the 
epiphytic Fungi (e.g. Erysiphacea^) . Intracellular mycelia are 
found in the Rust-Fungi, in Glaviceps purpurea^ Bntomophtliora^ etc. 
In spite of its delicate structure, this mycelium may live a long 
time, owing to the circumstance that it continues to grow peri- 
pherally, while the older parts gradually die off (‘‘fairy rings'’). 
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String-lllie mycelia may be found, for example, in Fhallu.% 
Coprhnis, and are formed of hyplife, wbich run more or less 
parallel to each other. 2[.emhrane4ihe nijcelia are chiefly to be 
found in Fungi growing on tree-stems (Polyporaceaj and Agari- 
eacea)); they may liave a thickness varying from that of tlie 
finest tissue-paper to that of thick leather, and may extend for 
several feet. The peculiar horny or leather-like strands and plates 
which, for instance, appear in Arnulkiria viellea, are known as 
Ehizomorpha ; they may attain a length of more than fifty feet. 
The tuber-like mycelia or sderoiia play the part of resting mycelia, 
since a store of nourishment is accumulated in them, and after a 
period of rest they develope organs of reproduction. The selerotia 
are hard, splierical, or irregular bodies, from the size of a cabbage 
seed to that of a hand, internally white or greyish, with a brown 
or black, pseudo-parenchyraatons, external layer. Selerotia only 
occur in the higher Fungi, and are found botli in saprophytes, ejj. 
Coprims^ and in parasites, e.g. Claviceps (Ergot), Sclerotmia. 

Reproduction. Sfxual heproductiox is found only among 
tbe lower Fungi wdiich stand near to the Alga\ the xUgal-Fungi, 
and takes place by the same two methods as in the Algiv, namely 
by conjugation and by the fertilisation of the egg-ceil in the 
oogonium. 

The majority of Fungi have only ASE.xrAL re prod net ion. The 
most important methods of this kind of reproduction are the 
spora ng io~frnctijicaiion and the conidio-frucf ifict it Ion. 

In the sroiJAXGTO-i'iUJCTiFiCATiON the spores (endospores) arise 
inside a mother-cell, the sporangium (Fig. 80). Spores without a 
cell-wall, w'liicli move in water by means of cilia and hence are 
known as swarrnspores ov roo.spom*, are found among the Uomyeetes, 
the sporangia in which these are produced being called swarm- 
sporangia or zoosporangia (Figs. SB, 87, 91, 94). 

In tlie coxiiiio-FRUOTiFrcATiox the eonidia (exospores) arise on 
special liyplne (conidiophores), or directly from the mycelium. 
When conidiophores are present, the eonidia are developed upon 
them terniinally or laterally, either in a basipetai succession 
(in many Fungi, for example in Fenicillium^ Fig. Ill, Erysiphe^ 
Cystrpus), or acropetal ly (in which method the chains of eonidia 
are often braiiclied; examples, Fleospora vulgaris, Hormodendron 
cladosjKrrirddes). All eonidia ate at first unicellular, sometimes at 
a biter stage tliey become two-celled or multicellular through the 
formation of partition-avails {Piptooephalis) . The eonidia with 
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thick, brown cell-walls, and contents rich in fats {resting conidia\ 
can withstand unfavourable external conditions for a much longer 
period than conidia with thin walls and poor in contents. 

The SPORANGIA arise either from the ordinarj cells of the 
mjceliuni {Frotomyces), or are borne on special hyphse. They are 
generally spherical {Mucor, Fig. 80 ; Saprolegniacese), ogg-, pear-, 
or club-shaped (Ascomycetes), more rarely they are cylindrical or 
spindle-shaped. While among the Phycomycetes the size, form, 
and number of spores are indefinite in each species, in the Ascomy- 
cetes the sporangia (a^ci) have a definite size, form, and number 
of spores. The spores of the Ascomycetes are known as asco- 
spores. 

The sporangio-fructification is found under three main forms. 

1. Free Sporargtophores which are either single {Mucor, Fig. 
78), or branched (Thamnidium) , 

2. Sporangial-layees. These are produced by a number of 
sessile or shortly-stalked sporangia, being formed close together 
like a palisade (Taphrma, Fig. 105). 

8. Sporangiocarps. These consist usually of many sporangia 
enclosed in a covering, they are found only in the Carpoasci, and 
are also known as ascocarps. The parts of an ascocarp are the 
covermg (periditim), and the hymeniuvi, which is in contact with 
the inner wall of the peridium, and is generally made up of asci, 
and sterile, slender hyphfe. The latter either penetrate between 
the asci and are branched and multicellular {pamphyses, 

103 d, 128, 125, 129), or clothe those petrts of the inner wail which 
bear no asci (Periphyses ; among many peronocarpic Ascomycetes, 
e.g. Chcetomium, Sordaria, Stictosphcera hoffmanni). The ascocarps 
are produced directly from the mycelium, or from a stroma, _ that 
is a vegetative body of various forms, in which they may be 
embedded (Figs. 116 B, 0). 

Among the conidio-fructifications there are, in the same way, 
three divisions, 

1. Free goridiophores (Fig. 109). The form of the conidiophores, 
the shape, and number of its spores are various. In the most 
highly developed Fungi, the Basidiomycetes, there are, however, 
special more highly developed conidiophores, the hasidia, which 
have a definite form and spores of a definite shape and number. 
The conidia borne on basidia are called hasidiospores. 

2. CoNiDiAL-LAYERS. (a) The simplest case of this is found 
when the conidiophores arise directly from the mycelium, parallel 
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to one anotlier, and form a fiat body E^ckasidinm raeckm, 
Eypochnus ; , among the Ebjcoinjcetes^Eiiipiisanniscm mid Cysiopi^i) . 
(b) In a HIGHER form the conidial-lajers are thick, felted threads 
(stro7na) inserted between the mjceliam and the hyineyiium (i,t\ 
the region of the conidiophores). Examples are found in a section 
of the,.p 3 menomycetes (Pig. 122). .(c) The highest form lias the 

haskUaUlayer, that is a conidial-layer with more highly developed 
conidiophores (basidia). The basidial-Iayer, with stroma, and 
the liymeniiim (region of the basidia), forms the basidio-fruetifiea- 
tion, which is branched in the Clavariacem, and hat-shaped in 
other Hymenomycetes (in these groups the hymeninm is confined 
to the lower side of the pi lens). 

The hjmeninm of the conidial-layer and basidial-Iayer is <?o?n- 
posed entirely of conidiophores, or of conidiojihore.s and sterile 
hyplne (paraphyses) wdiich are probably always uniceilnlar. 
Paraphyses are found in EntoviopJi thorn radicans, and in certain 
Basidiomycetes (e.g. Co^'tlcuim), 

3. OoxiDiocARCH (pijcnidia). A special covering surrounds the 
conidia-forming elements. The inner side of this covering 
(peridiwu) bears the hymenium, i.e, those elements from which 
the conidia are abstricted. The conidioearps arise either imme- 
diately from the hyplun or from a struma in wdiich they are 
generally embedded. Conidioearps are entirely wanting in the 
Pliycomycetes. On the other hand tliey are found among the 
Ascomycetes and Basidiomycete.s, and in the latter group the 
conidioearps contain more higldy diiterentiatecl eonidiopliores 
(basidia) and are known as hasidiucarps. Conidioearps with simple 
conidiophores, are found only among the Basidiomycetes, in the 
Urediuacea^, and in Cniterocolla cerasi. In tlie Aseoinveetes (Figs. 
120 d, e; 117 a, h; 1*23 a ] 121 b) the conidioearps are visible, as 
points, to the naked eye, while the basidioearps of the Busidiomy- 
cetes (Figs. 170, 171, 173-176, 178-180) vary from the size of ti 
pea to that of a child’s head. The ‘‘ spermogonia ’’ of the 
Ascomix'etes and Lichenes, ai*e conidioearps with small conidia 
{micToconidia) which germinate sometimes more slowly timn other 
conidia, and formerly were erroneously considered as male re])ro- 
diictive cells, and called sperniatia. 

The conidia of the Fungi are not primitive strnetures. The 
comparison of the sporangia and conidia among the Zygomyeeies, 
and among the species of the genus Feronospora shows, that the 
conidia are aberrant formations, and that they have arisen through 
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tlie degeneration of tlie sporangium, which, hj the reduction of its 
spores to one, has itself become a spore. 

In the genera Tliamnidiuin and Gh<^tocladinm the gradual diminution of the 
sporangia, and the reduction of the nuniher of spores can be distinctly followed. 
In Thanmidiwn the number of spores is often reduced to one, which is free in 
the sporangium. In Chcstocladium howeyer the sporangia are typically one-spored, 
the spore is always united with the sporangium, and the two become a single 
body, the so-called conidiim, which is in reality a closed sporangium. How 
close is the connection between the sporangia and conidia of Thamniditm 
and Ghcetocladium, is seen from the fact that, in the conidial stage of 
GhiStodaduim the same whorl-form of branching appears as in the sporangial 
stages of Thamnidium chwtocladloides, and also, that the conidia of Ch, freaen-- 
ianum throw off the former sporangium-wall (exosporiiim), while Ch. joiudi 
germinates without shedding its exosporium. The Phycomycetes have doubt- 
less sprung from Water-Algse and inherit the sporangia from them. On this 
supposition, as the Phycomycetes assumed a terrestrial mode of life, the sporangia 
would become adapted to the distribution of tbe spores by means of tbe air, 
the sporangia would become small, contain dust-like spores, and would 
eventually become closed-sporangia, f.c. conidia. The conidia are a terrestrial 
method for the multiplication of Fungi. In the Hemiasci and the Ascomycetes 
the sporangia are still preserved, but in every instance they are adapted to 
terrestrial spore-distribution, their spores being set free on the destruction of the 
sporangium- wall (generally shot out) and distributed through the air. For 
further examples of spore-distribution see below, p. 91-93. 

The reproduction of Fungi is accomplished not only by spores 
and conidia, but also sometimes by chlamydospores. These are 
fundaments ^ of spoi’angiophores and conidiopbores, which have 
taken on a resting condition in the form of a spore, and are able 
to germinate and produce carpophores. In the formation of the 
chlamydospores the hyphse accumulate reserve materials at the 
expense of the neighbouring cells ; in the undivided hyphaa of the 
Phycomycetes transverse walls are formed, and finally the chlamj- 
dospores are set free by the decay of the empty cells connecting 
them with the mycelinm. One must distinguish between oidia and 
true cMamydosjpores. The former are more simple, the latter are 
la somewhat more differentiated form of carpophore fundaments, 
which serve for propag-ation in the same manner as spores. In 
ClhlamydomucoT racemoms the chlamydospores grow out into the 
air and form differentiated carpophores. In the Autobasicliomy- 
cetes they only geinninate vegetatively, and not with the forma- 
tion of fructifications. From Olilamydomucor np to the Anto- 
basidiomyeetes the successive development of the fructification, 

^ This term is adopted as a translation of the German “ anlage.” 
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wliicli is inteiTn,pte.cl by tbe forniatioii of -tlie elilamjdospores, 

: degenerates more .anti .more. Among certain Ustilagineie tlie 
cliiamydospores (brand-spores) no longer germinate witli tlie 
doctioii of fructifications. Jn the Uredinacese, only one of the three 
chlamjdospore-forms has the property of producing fructifications 
on germination ; the other forms only germinate ^egetatively, like 
ordinary spores, and in the same manner as the chlamydos pores 
of the Aiitobasidiomycetes. In the Hemibasidii, and the Urediii- 
..acem, in Frotorm/ces, the ehlamydospores are the chief means of 
reproduction. They are found also among the Aseomycetes. 

The sporangia and the conidia of the Fungi have their common 
origin in the sporangia . . of the ' Phycomycete.s. The asci (and 
the Aseomycetes which are characterised by these bodies) are 
descended from the sporangia-forming, lower Fungi; the basidia 
(and the Basidiomyeetes) from those which bear conidia. The 
sporangia of the Fhgcomijcetes are ike primitive form and the start- 
ing point for all the reprodnctwe forms of the Ftmgi. The elilainy- 
dospores appeal' besides in all classes of Fungi as supplementary 
forms of reproduction, and are of no importance in determining 
relationships. Although the expression ‘‘fruit” must essentially 
be applied to true Phanerogams, yet, through usage, the term 
^^fruit-formsF is employed to designate the forms or means of 
reproduction of Fungi, and the organs of reproduction are known 
as organs cf frtict ill cation^ tlie sporangiophores and conidiophores 
lis fruit-hearers (carjMphores), and the sporangiocarps, conidioeajps, 
and basidiocarps as “ /r?a7-Z>och‘ei?.” 

The majority of Fungi have more than one method of reproduction, often on 
various hosts (Uredinacete). Species with one, two, or more than two methods of 
reproduction are spoken of as having monomorpbie, dimorphic, or pleomorphic 
fructification. IMonomorphie, ejf. the Tuberaeeic ; dimorphic, J/acor, Ptpto- 
cephalis, Saprolegniacea:-, FentctiUiim crustaceum ; pleomorphic, Fucvihia 
gramuiis, Cujmodium salicuuim (in the last species there are live methods of 
reproduction : yeast-like conidia, free conidioidiores, conidiocarps with Hijuaii 
and large conidia, and ascocarps). 

The liberation and distribution of the spores and 
conidia. Tlie spores and conidia, on account of their small size 
and lightness, are spread far and wide by currents in the air, hut 
in addition to this method, insects and other animals frequently 
assist in disseminating thtmi. The liberation of the conidia is 
occasionally effected by the complete slmuking away of the 
conidio]'>hore, hut more frequently by abstriction from the conidio- 
pliores, either by their gradually tapering to a point, or by the 
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dissolution of a cross-wall (generally of a mucilaginous nature). 
The individual links of conidia-cliains are detached from one 
another in the same way, or often by means of small, intercalary 
cells, which are formed at the base of the individual links, and 
becoming slimy, dissolve upon the maturity of the spores. 
Special contrivances for ejecting the spores and conidia may often 
be found. In Peronospora the cylindrical fruit-hyphae in the dry 
condition become strap-shaped and also twisted. These are very 
hygroscopic, and the changes of form take place so suddenly, that 
the spores are violently detached and shot away. In JEJmpusa a 
peculiar squirting mechanism may be found (Ifig. 85). Each club- 
shaped hypha which projects from the body of the fly, bears a 
conidium at its apex; a vacuole, which grows gradually larger, 
is formed in the slimy contents of the hypha, and the pressure 
thereby eventually becomes so great that the hypha hursts at its 
apex, and the conidium is shot into the air. By a similar mechan- 
ism, the spoi’es of many of the Agaricacete are cast away from 
the parent-plants. In the case of Piloholus (Eig. 84) the entire 
sporangium is thrown for some distance into the air by a similar 
contrivance, the basal region of the sporangium having, by the 
absorption of water, been transformed into a slimy layer which 
is readily detached. Sphceroholus, a Grasteromycete, has ’a small, 
spherical fruit-body (hasidiocarp), the covering of which, wdien 
ripe, suddenly hursts, and the basidiospores contained in it are 
forcibly ejected. 

The spores which are enclosed in asci are, in some instances, set 
free from the mother-cell (ascus) prior to their complete clereiop- 
ment {Elaphomyces, Eurotium). In the case of the majority of the 
Pyrenomycetes and Truffles, the asci swell by the absorption of 
water into a slimy mass, which gradually disappears, so that the 
spores lie free in the fruit-body ; they either remain there till the 
fruit-body decays, as in those wfflich have no aperture (Perisporiacege, 
Tuberacese), or the slimy mass, by its growth, is forced out through 
the aperture of the sporocarp, taking the spores wnth it (Nectria). 
The ejection of the spores by mechanical means takes place in a 
number of Ascomycetes, and should many spores be simultane- 
ously ejected, a dust-cloud may be seen with the naked eye to 
arise in the air from the fruit-body. This is the case in the larger 
species of Pezim, Helvetia, Ehytisma, when suddenly exposed to a 
damp current of air. A distinction is drawn between a simultaneous 
ejection of all the spores contained in the ascus, and an ejection at 
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intervals (successive), \vlien only one spore at a time is thrown out. 
The first of these methods is the most frequent, and is brought 
about by the ascus being lined with a layer of protoplasm, witieli 
absorbs water to such a degree that the elastic walls are extended 
at times to double tbeir original size. The spores are forced up 
against the free end of the ascus, a circular rupture is made at 
this point, and the elastic walls contract, so that the fluid with 
the spores is ejected. Special means may in some instances be 
found to keep the spores together, and compel their simiiltanemis 
ejection. Thus, a tough slime may surround all the spores (S'ur- 
cohohis), or a chain-apparatus, similarly formed of tough slime; 
or there may be a hooked appendage from each end of the spores 
w'hicli hooks into the appendage of the next spore (Sordarui), The 
parapliyses occurring between the asci in many Ascomycei.es, also 
play a part in the distribution of the spores, by reason of the 
pressure they exercise. The asci in some of the Pyrenoniycetes, 
which are provided with jar-shaped fruit-bodies, elongate to such 
an extent that, without becoming detached from their bases, they 
reach the mouth of the fruit-body one at a time, burst and disperse 
their spores, and so make room for those succeeding. An ejection 
of the spores at intervals from the ascus is rarer. It takes place, 
for instance, in Pleospora, whose asci have a double wall. The 
external wall, by absorption of water, at last becomes ruptured, 
and the internal and more elastic membrane forces itself out in 
the course of a few seconds to one of two or three times greater 
length and thickness, so that one spore after another is forcibly 
ejected from a narrow’’ aperture at the end of the ascus. 

Germination of spores (conidia and cHamydospores). In 
many spores may be found one or more genn-pores, i.e, thinner 
places, either in the inner membrane (uredospores, Sordaria) 
or ill the external membrane (teleutospores in Eust-Fungi), 
through wdiich the germination takes place. G-enerally this does 
not occur till the spores have been set free : in some Ascomycetes 
germination commences inside the ascus (Tdphfinci^ bchTotinia) , 
The different ways in which the spores germinate maybe classified 
into three groups, 

I. The ordinaey germination occurs by the spore emitting a 
germ-tube, which immediately developes into a mycelium. In 
spores Avith a double Avail it is only the inner membrane which 
forms the germ-tube. In saa’’ arms pores a single AA^ali is formed 
after the withdraw^al of the cilia, and this, by direct elongation, 
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becomes tlie germ-tube. The protoplasm accumulated in the 
spore enters the hjpha, which, in pure water, can onlj grow as 
long* as the reserve nourishment lasts. 

2. Gtermination with promycelium di:ffers only by the circnni- 
stance that the hypha developed from the germ-tube has a very 
limited growth, and hence it does not immediately develope into a 
mycelium, but produces conidia (Bust- and Brand-Fungi). This 
promycelium must only be regarded as an advanced development 
of a conidiophore or basidium. 

3. The yeast-formation of conidia consists in the production 
of outgrowths, very much constricted at their bases, from one or 
more places. Each of the conidia formed in this manner may 
again germinate in the same way. When sufficient nourishment is 
present, a branched chain of such conidia is formed, and these are 
hnally detached from one another. Yeast-like buddings from the 
conidia are produced in various Fungi, e.g. Ascoidea, Protomyces, 
Ustilaginese, Ascomycetes, Tremellacea0, etc. In the UstilagineaB 
these conidia are an important element in the development. 
The budding conidia of Bxobasidium forms a “ mould ” on the 
nutritive solution. The yeast-like conidia are not to be con- 
founded with the “ Mucor-yeast ” (comp. Mucoracea?). For 8ai> 
charomyces see Appendix to the Fungi, page 176. 

In a compound spore (^.e. when a mass of spores are associated 
together) each spore germinates on its own account. There are 
sometimes, however, certain among them which do not germinate, 
but yield their contents to those which do. 

The length of time for which conidia can retain their power of 
germination is shortest (being only a few weeks) in those having 
thin walls and containing a large supply of water (Peronosporacea3, 
Uredinacese). In many spores a resting period is absolutely neces- 
sary before they aire able to germinate (resting spores). It has 
been observed in some spores and conidia, that the faculty of 
germinating may be preserved for several years if the conditions 
necessary for germination remain absent (Ustilaginem, Purotium, 
Penicillium). 

The optimum, minimum and maximum temperatures required 
for the germination of the spores has been decided in the case of 
a good many Fungi. A lai'ge portion of the most common Fungi 
have their optimum at 20°C., minimum at 1-2°C, maximum at 
4CFC. In the case of pathogenic Fungi the optimum is adapted to 
the temperature of the blood. Fungi living in manure, whose 
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spores are often adapted to germinate in the alimentary canals of 
^varm-blooded animals, have an optimum corresponding to the 
temperature of these animals, but with a little margin. 

Systematic Division.— The lovrest elass of the Fungi is that 
of the Phycomycetes, which have an unicellular myceliuni, sexual 
and asexual reproduction, and have doubtless sprung from spu- 
rangia-bearing, lower Green Alg®. From the Phycomycetes (and 
certainly from the Zygomycetes) spring two well defined branches, 
each with numerous distinct species; to the one hrancli belong the 
Hemiasci and the Ascomycetes, to the other the IlEMiBAsimr and 
the Basidiomycetes. Ascomycetes and Basidiomycetes may be 
united under the title of Mycomycetes or Higher Fungi. The 
Hemiasci and the Hemibasidii constitute the class of Meso.mvcetes, 
The Hemiasci are an intermediate form between Zygomycetes and 
Ascomycetes ; the Hemibasidii a similar group between the Zygo- 
mycetes and Basidiomycetes, Mesomycetes and Mycomycetes have 
only asexual reproduction ; sexual reproduction is wanting. Their 
mycelium is multicellular. 

Up to the present time about 39,000 species bave been described. 

Review of the divisions of the B'^ungi:— 

Class I. — Phycomycetes (Algal-Fungi). 

Sub-Class 1. Zygomycetes. 

Sub-Class 2. Oomycetes. 

Family 1. Entomophthorales. 

Family 2. Chytbidiahi s. 

Family 3. Mycosiphonales, 

Class II. Mesomycetes. 

^ Hemiasci. 

Sub-Class 2 . Hemibasidii (Brand-Fungi). 

Class iii.-Mycomycetes (Higher Fungi). 

Ascomycetes. 

Series 1. Exoasci. 

Series 2. Carpoasci. 

Family 1. Gyjinoascales. 

Family 2, Peeispokiales. 

Family 3. Pyrenomycetes. 

Family 4. Hysteriales \ UemPangiocarpic Exoasci. 

Family 5. Discomycetes. i 

Family 6. Helvellales. Oymnocarpic (?) Exoasci. 

Additional: Ascoliceexes. Lichen- forming Ascomycetes. 


‘ 


^ Angiocarpic Exoasci. 
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Sub-Class 2. Basidiomycetes. 

Series 1.— -Protobasidiomycetes. Partly gymnocarpio, partly 

angiocarpic. 

Series 2. Autobasidiomycetes. 

Family 1. Dacryomycetes. Gymnocarpic. 

Family 2. Hymenomycetes. Partly gymnocarpio, partly liemi- 
aiigioca'pic. 

Family 3. Phalloidejs. Hemiangiocarpio. 

Family 4. Gapeeomycetes. Angiocarpic. 

Additional : Basidioltchenes. Lichen-forming Basidiomycetes. 
Additional to the Fungi : Fungi Imperfecti. Incompletely known 
{Saccharomyces, Oidium-forms, etc.). 


Class 1 . Phycomycetes (Algal-Fungi).^ 

This group resembles Vaucheria and the other Siphoned among 
the Algae. 

Organs of I!Tutrition. The mycelium is formed of a single cell, 
often thread-like and abundantly branched (Fig. 78). Vegetative 
propagation by chiamydospores and oidia. Asexual reproduction 
by endospores (sometimes sxvarmsjpores) and conidia. Sexual re- 
pi'oduction by conjugation of two hyphge as in the Conjngatse, or 
by fertilisation of an egg-cell in an oogonium. On this account 
the class of the Phycomycetes is divided into two sub-classes : 
Zygomycetes and Oomycetes. 

Sub-Class I. Zygomycetes. 

Sexual reproduction takes place by zygospores, which function 
as resting-spores, and arise in consequence of conjugation (Fig. 81); 
in the majority of species these are rarely found, and only under 
special conditions. The most common method of reproduction is by 
endospores, by acrogenous conidia, by chiamydospores, or by oidia. 
Swannspores are loanting. Parasites and saprophytes (order 6 and 7). 
The zygospores are generally produced when the formation of 
sporangia has deased; e.g. by the suppression of the sporangial- 
hyphiB {Mucor mucedo), or by the diminution of oxygen; Filoholns 
crystallimis forms zygospores, when the sporangia are infected 
with saprophytic Fiptocephalis or Fleotrachelus. 

A. Asexual reproduction only by sporangia. 

Order 1. Mucoraceae. The spherical sj^orangia contain many 
spores. The zygospore is formed between two unicellular branches 
(gametes), 

^ Also termed Water-Fungi (Wasserpilzen). 
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period of rest, producing a new hjplia, which bears a sporangium 
(Fig.81 J5^). 

Mucor imicedo^ Pin- 
mould, resembles some- 
what in appearance 

FenicilUum crustaceum \\ !\ 

and is found growing M j) 

upon various organic ^'^X lH 

materials (bread, jam, \A J'f 

Piloholus (Figs. 83, & 

84) grows on manure. ^ M 

Its sporangium (Fig. 84 y. I# 

a'^) is formed during the fl 

night and by a peculiar k 

mechanism (page 92) is 

shot away from the plant j 5 J 

in the course of the day, ty ^ 

This generally takes | 

place in the summer, « I 

between eight and ten l| 

a.m. The sporangium 
is shot away to a height 

which may be 300 times " Pf t 

greater than that of the / / ^1 

plant itself, and by its / / % 

stickiness it becomes / / £ % 

attached to portions of t\ / / P 

plants, etc., which are II // 

are eaten by animals, \ ® 

the spores pass into the U | 

alimentary canal and ^ Q 

are later on, sometimes C 

even in a germinating // 

condition, passed out // 

with the excrement, in 

which they form new I'las. SI, 82.--lIiaw (iMimle : -4--C stages in the formation of 

my celia. the zygote ; D zyf^ote ; E germination of zygote ; the esospore 

''Phycomyces nitem enUospore grown into a hypha bearing 

(“ Oil-mould ’fk the 

largest of the Mould Fungi; its sporangiophores may attain the height of 10-30 c,m. 

Order 2. Rhizopacem. Ilhlzopus nigricans {Mucor stolonlfer) which lives 
on decaying fruits containing sugar, on bread, etc., has, at the base of the 
sporangiophores, tufts of rhizoids, i e, hyphte, which function as organs of 
attachment. From these, “ runners ’* are produced which in a similar manner 
develops sporangiophores and rhizoids. 

Order 3. Thamnidiaceas, On the same sporangiophore, in addition to a 
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large, terminal, many-spored sporangium, many smaller, lateral sporangia are 
formed with a few spores. Thamnidium. 

B. Asexual reproduction by sporangia and conidia. 

Order 4. Choanephoracese. Choanephom with creeping endophytic my- 
celium, and perpendicular sporangiophores. 

Order 5. Mortierellaceae. Mortierella polycepliala produces on the same 
mycelium conidia and sporangiophores. 31. 
rostafinskii has a long stalked sporangiophore, 
which is surrounded at its base by a covering of 
numerous felted hyphje. 


Fig. 84.— P'i]!obohi.s. Sporangium (a") with 
stalk (a~c), which is covered by maiiy 
small drops of water pressed out by tur** 
gescence. 

C. Asexual reproduction only by conidia. 

Order 6. Chaetocladiaceee. The conidia are abstricted singly and acro- 
genously. Chcetocladium is a parasite on the larger Mucoracege. 

Order 7. Piptocephalidacese. The conidia are formed aerogenously and 
in a series, by transverse divisions. The zygospore arises at the summit of the 
conjugating hyphae, which are curved so as to resemble a pair of tongs. Fipto- 
cephalis and Syiicephalis live parasitically on the larger Mucoracem. 

Sub-Class 2. Oomycetes. 

Sexual reproduction is oogamous with the foi'mation of brown, 
tbick-walied oospores which germinate after a period of rest. 
Asexual reproduction by conidia and swarmspores. Parasites, 
seldom saprophytes. 

The oospores are large spores which are formed from the egg- 
cell (oosphere) of the oogonium (oosporangium, Pig. 89, 95). A 
branch of the mycelium attaches itself to the oogonium and forms 
at its apex the so-called “ antTieridium (pollinodium^) : this sends 
one or more slender prolongations (fertilising tubes) through the 
wall of the oogonium to the egg-cell. 

i Antheridium is preferred in this sub^class as keeping amore uniform term (Kn). 







A fertilisatiO'iij a passage of tlie contents o£,'tli.e antlieridium. to tlie egg-cell, 
bas as yet only been observed in PijtMum; in Phytophtkam only one small 
tiiass of protoplasm, passes tliroiigli llie fertilising tube to the egg-ceil; in Fet(h 


Fro. 8S.— Kmpwsa nuso.v (Fly-monbl). 1 A fly killed by the ftmgus, surroimdet:! by a wbit 
layer of couklia. II. Tlio coniciiopbores (t) projectiiig from the body of the fiy. Ktmie of 
theconidia., u feAV of wbieh ha ve developed secondary conkli a, are iittaebed to the imirs 
(tnag. sO times). IIL A perfect byplm. IV". A bypha in- the act of ejediing a ermidium 
ic), envelopeii in a sticky slime (g). V. A conidinm which has developed a secondary 
conidinm VI. A branched hypha produced by cultivation. VII. A secondary con- 
iriima %vhich has produced a small mycelium (in). Yll’t. A conidium germinating on the 
l!y»fi body. IX. Mycelium. X. (!ariidia geminating like .yeast in the fatty tissue of Urn 
fly. (IIL-VIL and IX. magnified 300 times j vm. and X. uiaguiaed m times.) 
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nospora md the Saprolegniaceae'iio protoplasm can be observed to pass through 
the fei-tilising tnbe, so that in these instances parthemgenesu takes place ; 
Saprolegnia tlmretii, etc., have generally even no antheridia, but nevertheless 
form normal oospores. Fertilisation of the egg-cell by means of self-motile 
spermatozoids is only found in Monohlepharis splmrica* 

A. Asexual reproduction by conidia only. 

Family 1. Entomophthorales. 

The mycelium is richly branched. The family is a transitional 
step to the conidia-hearing Zygomycetes, since the oospores of many 
members of this family arise, and are formed, like zygospores. 

Order 1. Entomophthoraceae. Mycelium abundantly de* 
Teloped. This most frequently lives parasitically in living insects, 
causing their death. The conidiophores forming the conidial- 
layer project from the skin, and abstrict a proportionately large 
conidiiim whicii is ejected with considerable force, and by this 
means transferred to other insects. These become infected by 
tlie entrance of the germ-tube into their bodies. The spherical, 
brown resting-spores develope inside the bodies of insects and 
germinate by emitting a germ-tube. 

Genera : Empusa has a good many species which are parasitic on flies, 
moths, grasshoppers, plant-lice. The conidia emit a germ-tube which pierces 
the skin of the insect ; a number of secondary conidia are then produced inside 
its body, by division or by gemination similar to that taking place in yeast, each 
of which grows and becomes a long unbranched hypha, and these eventually 
fill up the body of the animal, causing distension and death. Each of these 
hyphse projects through the skin, and ahstricts a conidium, which is ejected 
by a squirting contrivance. The best known species is E, muscm (Fig. 85), 
which makes its appearance epidemically towards autumn on the common 
house-fly, and shows itself by the dead flies which are found on the windows 
and walls attached by their prohosces, distended wings, and legs. They have 
swollen abdomen, broad white belts of hyphse between the abdominal rings, and 
are surrounded by a circle of whitish dust formed by the ejected conidia. — 
Entomophthora sends out, at definite places, from the mycelium hidden in the 
insect’s body, bundles of hyphge, which serve the puipose of holding fast the 
dead insects, the ramifications attaching themselves to the substratum : the 
conidiophores are branched, the conidia are ejected by the divisional walls be- 
tween the hyphas and the conidia dividing into two layers, those which ter- 
minate the hyphas suddenly expanding and throwing the conidia into the air. 
E. radicans makes its appearance epidemically on caterpillars. 

B. Asexual reproduction by zoospores or conidia. 

Family 2. Chytridiales. 

In this family the mycelium is very sparsely developed or is 
wanting. The entire plant consists principally or entirely of a 
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siEgle zoosporangiiiin wliose ssoos.pores hare geBerallj one eilium. 
The resting’-spores arise eitlier .directly' from the zoosporarigiiiiii, 
which, insteaii of forming zoospores, surroEiids itself by a tinek 
cell-wall; oi‘ they are formed by the coiijcigation. of two cells (in 
wiiicli case they are spoken of as oospores). Mieroseopie Fungi, 
parasitic on water plamts (especially Algce) or small aqaatic ani- 
liKilsj seldom on land plants. 

Order 1. Olpidiacese* Without myeelmiii. Swarras|>i')n'*s 
and resfcing’-spores. 

In tile Oiirhiieiff, the swarm spores, probably, most frequently form theoiselres 
into a plaf'ijittdiuai Oj-aked mass of protoplasm) which may become a single 
zoosporangiuin or a resting sporangium. (Mpidium trifolH ot?.e5irs in Trihuonn 
repens.— In the Synchptrms the plasiiiodium emerging from the swarraspores 
b,realvs up either at oiieci, or after a period of rest, into smaller plasim>ilia, each 
of which will oecotrie a zoosporangium. Synchytrliim anemones is found cm 
Anemorie. m-m-irifsa : S. mercurialis on Jlercurialis perennis ; S. aureum on many 
plants, particularly Lysiimtchia mimmiduria. 



Fio. b(‘». — higemiln, Zdo- Pig. 87, — ■Ohellilinm mtieTmuiinni : 

sporan'.fiu:n *; before, ?) ufiier the libera- , m iiiycehutB ; s xwuruispores, 

. tioii of the swarmspores. 

Order d. Rhizidiaceae. Mycelium present. Zoospores and 
resting-spores. 

Chytrldliun (Fig. 8f3). OhelhUnni (Fig. 87) is bicellular; the one cell is the 
myceiiiira, tlie other the zoosporanginm found on insects. The species of 
(Jladochytriiuii are intercellular piarasifces on marsh plants. Physodenno. 

Order 3. Zygochytrlaceas:-#, pre.sent. Zoospores 

and oospores.. The httder are the prod acf.:,oF ^ conjugatiou of 
two ceils (Fig. SS). 

Pobjphayus englenm on Euglena vhddis. UrapMyctU pndposa on species of 
Cheiiopudiiim. 
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Family 3. Mycosiphonales. 

The mycelium is bladder-like or branched. Zoospores. Sexual 
reproduction by oospores, wbicb are produced in oogonia. The 
latter are fertilised, in some forms, by the antheridium. 

Order 1. Ancylistaceae. The entire bladder-like mycelium is used for the 
construction of zoosporangia, oogonia, or antheridia. Lagenedimu is parasitic 
on Spii'ogyra, etc. 

Order 2. Peronosporaceae. Almost entirely The 

•unicellular, often very long and abundantly branched mycelium 
lives in the intercellular spaces of living plants, especially in 
the green portions, and these are more or less destroyed and de- 
formed in consequence. Special small branches {suction-organs^ 



Fig. 8S. — Polyphagus miglence, A with smooth, B with thorny oospores j m and / the two 
conj-ugating cells. 

haustoTia’^) are pushed into the cells in order to abstract 
uomdshment from them. Both oospores and conidia germinate 
either immediately, or they develope into sporangia with swarm- 
spores, having always two cilia. Only one oospore is formed in 
each oogonium ; its contents (Fig. 89) divide into a centrally 
placed egg-cell and the ‘‘ periplasm ” surx’ounding it j this is of a 
paler colour and on the maturity of the oospore forms its thick, 
brown, external covering. 

The Potato-fungus (Phytophthora infestans) is of great interest. 
Its thallus winters in the Potato-tuber; other organs for pass- 
ing the wintei% such as oospores, are not known. When the tuber 
germinates, the Fungus-hypli^ penetrate the young shoot arid 
keep pace with the aerial growth and development of the plant. 
The conidiophores emerge through the stomata, especially on the 
under side of the leaves; they branch like a tree (Fig. 90), and 
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appear to the .naked eje as,, a' fi.ne moKkl .on' tlie surface of the 
plant. The disease soon -makes itself known by the brow.ii eoloiiF" 
ing of those parts of the plant which are attacked^ and by their 
withering. An ovoid conidiiim arises at fi.rst by the ■ forma tion of 
a, dividing wall at the apex of each braticli of the, eonidiopliore 



Fig. OO.—P/iyfopJif/iom infeBiam (stroiijgly magnified). Cross section tlirough a 
portion of a Potato-leaf (the under side turned upwards): « the mycelium ; h h two cooiiiio- 
piiores projecting through a stoma j c conidsaj e the spongy tissue of the leaf j § the 
epidermis. 
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(Fig. 90 c c), and immediately underneath it another is formed, 
which pushes the first to one side, and so on. These conidia some- 
times germinate directly, and form a mycelium, but most frequently 
their protoplasm divides into many small masses, each of which 
becomes a pear-shaped zoospore provided with two cilia (Fig, 91). 
Water is required for their germination, and when the ripe conidia 

are placed in a drop of 
water the swarm-cells are 
formed in the course of 
about five hours. They 
swarm about in rain and 
dewdrops in the Potato- 
fields, and are carried with 
the water to the Potato- 
plants and to the tubers 
in the soil. The wind also 
very easily conveys the conidia to healthy Potato fields and infects 
them. The enormous quantity of conidia and swarm-cells that 
may be formed in the course of a summer explains the rapid 
spreading of the disease ; and the preceding makes it clear w’-hy 
wet summers are favourable to its existence. When the swarm- 
cells germinate, they round o:S, and then surround themselves 
with a cell- wall which grows out into the germ-tube, and jpierces 
through the epidermis of the host-plant (Fig. 92). Having entered 

the host, a new mycelium 
is formed. The potato 
disease, since 1845, has 
been rampant in Europe ; 
it has, no doubt, been 
trodu ced from Am erica, 
which, it must be remem- 
bered, is the home of the 
Potato-plant. 

The conidia exhibit various 
characters which are employed 
for the separation of the genera. 
PytUiim is the m 
form. The contents of the ter- 
minally-formed conidia emerge as a spherical mass and divide into swarmspores. 
P, de Baryanum lives in the seedlings of many different Elowering-plants, 
which it completely destroys . — Phytophthora is distinguished by the circum- 
stance that the sparsely branched conidiophores bear, sympodially, chains of 



Fig. 92. — Phytoplithora infestans. Cross section 
through a portion of a Potato-stalk. Two germinat- 
ing conidia (u, 1) piercing the epidermis, and the 
mycelium penetrating the cells. 



Fig. 91, — Phytophthora infestans: a-c conidia de- 
tached; in c the swarm-cells are leaving the mother- 
cell; d two free-swimming swarm-cells. 
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conidia. Besides the Potato-fungus (see above), Flufatji belongs to this grsMip ; 
it developes oospores very abundantly, and does great harm to seedlings uf the 
Beech, Sycamore, and Pine trees. — Peromspora generally has conidicndiores 
which are repeatedly forked, and bear a conidium on each of the most cxirenie 
ramifications. Many do great harm to their host-plants. P. riticohi, on \“ines, 
and P, iiirea, on umbelliferous plants, have swarmsporea, which are absent in 
the following species of this genus: P. sparso, on Boses ; P, panpUformls, on 
composites ; P. ahinearum, on Btitchwort ; P, parasitica, on cruciferous plants ; 
P. r/d<x?, on Yetehes and Peas; P, schachtiii on Beets; P,violacea, on tin- 


•Formation of swannspores in a 
a germinating swarmspores. 


Fig. 93.— -A fly overgrown 
with SaproJegaia. 


Fi®. 95.— Oogonium wit! 
two aiithendia, AchUja raa* 
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plasm in the oogonium is formed into one or more oospheres, 
without any surrounding “ periplasm.” The oospheres may not 
be fertilised (p. 100), and then develope parthenogenetically. 


Genera: Saprolegnia, whose swarmspores disperse immediately after having 
left the sporangium. S. ferax is the cause of a disease in fish (“ Salmon 
disease ”) and in the crayfish. — Achlya, whose swarmspores accumulate in a 
hollow ball before the mouth of the sporangium. — Leptomitus has strongly in- 
dented hyphffi, causing a “ linked ” appearance. L. lacteus is frequent in the 
waste matter from sugar factories. — Monoblepharis deviates from the others by 
the greater development of its fertilising process ; the oosphere, situated in an 
open oogonium, becoming fertilised by self-motile spermatozoids, which are 
provided with a cilium at the posterior end. 


Order 1. Ascoideaceae. Ascoidea ruhescem forms irregular, reddish-brown 
masses m the sap issuing from felled Beeches. It has free sporangia, which 
resemble aser in their structure, in the development and ejection, and in the 
deflmte shape and size of the spores. The formation of the sporangia takes 
place- when the nutriment is nearly exhausted, and resembles that of the conidia, 

«mcetheyaredevdopedfromtheend of ahyphawhichenlarges,andthe swelling 

becomes separated by a transverse wall. Within the sporangia numerous spores of 
a cap-like form are developed, which are set free through an opening at the apex 
Sporangia are formed successively at the apex of tht same hypha, the second 
commencmg to develope as the first is dehiscing. Conidia and sporangia are not 

Older 2. Protomycetacem. Protomyces pachydermus causes hard swellings 
on the stois and leaf-stalks of the Cichorie* iXara^acum, etc.). These 3 


Class 2. Mesomycetes. 

The Mesomycetes are intermediate forms between the Phy- 
comycetes and the Higher Fungi. In the vegetative organs, and in 
the multicellular hyphse, they resemble the Higher Fungi; th 
methods of reproduction, however, show the characters of the Phy- 
comycetes, namely sporangia and conidiophores of varying size 
and with varying number of spores ; definite and typically formed 
asci and basidia are not present. Sexual reproduction is wanting. 
The Hemusci are transitional between the Phycomycetes and the 
Ascomycetes, the Hemibasioii (Brand-Fungi) form the transition 
to the Basidiomycetes. 


Sub-Class 1. HemiascL 

The Hemiasci are Fungi with sporangia wbich, although resem- 
hling asm, yet Have not, however, a definite form and a definite 
ntmber of spores. Besides eudospores, conidia, chlamydospores 
and oidia are found. 
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iiigs consist of eJdajmjdospofes (resting-spores), wbieii gemncate and become 
free, ascus-like sporangia, with numerous small spores. . la nutritive sokitiuns 
the chiamydospores form conidia with yeast-like buddings. P. muerospijrni^ on 
Mgopodium^ ancl other Umbelliferag.' 

Order 3. Thelebolacese. Theleholus steixoreus^ is found on the dung of 
'deer, hares, and. rabbits, and has closed - sp^raugm,- which resembie asei in their, 
shape and regular construction, and in the ejection of spores. The covering 
encloses ouly one sporangium, even where the sporangia arise close together. 

This order, bj reason of the coTering of the sporangia, forms the 
transition from the Heriiiasci to the Carpoasci, while tlie' two hrst 
siipplj' an intermediate step to the Exoasci. 

Snb-Glass 2. Hemibasidii, Brand-Fungi* 

The Brand-F'ungi (also known as UsTitAOiXET) are 'Fungi with 
hasidiadike cmiidwphores, which, however, 'have not jet advanced to 
a definite form or number of conidia. They are true |>arasite8, 
whose m jceliiim spreads itself in the intercellular spaces of Flt.nver- 




Fig. 96.— JEniidowa mnwicttlt*. 1. Cross section of a portion of a leaf of Ff'ean'a permeated 
by the niyceiinm 5 a bundle of Iiyphi® with conidia emerg'iiig from a stoma ; in ojieof the 
cells are found four brand-spores, *i. A brand-spore developed in the midille of a hyplui. 

ing plants. The mycelium is colourless, quickly perishable, has 
transverse walls at some distance from each other (Fig. 96 j, and. 
sends out haustoria into the cells of the host-plant. 

It most frequently happens that the germ-tube enters the host- 
plant at its most tender age, that is, during the germination of the 
seed ; the mycelium then wanders about in the tissues of the shoot 





during its growth, until it reaches that part of the plant where 
the spores are to be formedi. The spore-formation takes place in 
the same way in all those species whose brand-spores are deve- 
loped in the floral parts of the host-plant. Many Brand-Fungi have, 
howevei’, a more local occurrence, and the mycelium is restricted 
to a smaller area of the leaf or stem. Those organs of the host- 
plant in which the brand-spores are developed often become 
strongly hypertrophied. In perennial plants the myceliam winters 
very often in the rhizome. 

The brand-spores are the winter resting-spores of the Brand- 
Fungi. They arise in the tissues of the host-plant, which is often 
destroyed, and become free through the rupture of the epidermis ; 


Fig. 97.^Loa^sansia alismatis. 1 . A fruifc-body, formed by a covering of oblong hvDbEe 

®“beaaed in the leaf-tissne of the^ost’ 

Thr« ’ 2. A germinating brana-spore, 800 times natural size 3 

^rerrier:”™’"^ “ 4. T„,eoniaia gro;n»: 

they are thick-walled, generally brown or violet, and very often 
possess warts, spines, or reticulate markings. Fruit-bodies, that is 
enclosed organs of reproduction, are found in few genera (8y,hace. 
loaeca Graphtola- Boassamia, Fig. 97). In Tolyposporium, Tulur- 
cuna Tkecapkora (Fig. 102), etc., the brand-spores are united into 
^ ball of ,^cn-es. On germination the brand-spores behave as 
cMamydospores, namely, as the fundament of conidiophore.s by 
emitting a short germ-tnbe. i.o. a conidiopbore (“promycelinm”) 
a he UsTibAGOACM (Fig. 99, 2) have a short transversely dunded co- 

the pSoi I developed conidia (comp, the basidia of 

the Piotobasidiomycetes). The eonidiophores of the TibbE-riACK^ 

(’unicellular promycelia), and bear the conidia tei- 
mmally, and so resemble the, basidia of the Autobasidiomycetes. 
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In Tilleim, Entyhnm, Neovossia^ Tuhumum^ the brand-spores germlii'ati 
and Iona basidia-like ; coaidiophores with spmdle-ahapecl conidia'; tiieir my 


FiG'. ‘&S.---Tuh'urcinm. 1. T, irkntalh. Hypba>, Feme of which bear coniflia at the apex, 
forcing themsclveH out between the ep’derinal ce'iie on the under side of the leaf ; 32CI times 
natural sisie. 2. T. trienkilis. A ball of spores in which s«»me .of the .individual brand- 
spores are about to germinate; 520 times natural size. 3. T. irrtmtdtcola ; various forms 
of conidia (500 times natural size). 

celium, on the other hand, produces later only single, .sickle-shaped conidia, so 
that two kinds of conidia are found, as in a few Basidiomycetes. In some 
species, e.g, Ustilago horded the 
brand-spore.9 only germinate 

Tegetatively and form a myce- , O'S ' 4 ' A 

Mum. In nutritive solutions (so- l} 

liitions of dung, etc.) where they (P^, ^f'i^ c}00 A . 

live as saprophytes^ the brand- 
spores of ' many species emit 
germ-tubes, and on these, yeasts 
like conidia are produced by 
.repeated .budding, which grow 
into niycelia only when .the 
nutritive, solution is exhausted. 

These, conidia have not the 
power of producing alcoholic 
iermentation. . The'verjnumer- 
.ous' conidia, ■ which are found 
'in. the, dung of ' herbivorous ani- 
mals, are' .probably the yeast- 
conidia of Brand-Fungi. The 
brand- spores, which are eaten 
by animals with the grain and 
bay, pass into the dung and 
without doubt give rise to a 
very rick multiplication of 
yeast-conidia. 

The conidia (also called 


Fig. 99 Vstilago. I. Formation of bruml- 

spores, '2. Germinating braii(l-s|jior© of U. put-ea- 
nans* 3, Germiaatitiig brt^nd-spore of U. (rnnini 
(after Brefeld). 4 , U. fdiyornus* a A brand-spore 
with developed basidium ; b another, widi a coni- 
tlium; c.with two conidia; wnih two conidta 
placed diametrically opposite to each other; c, dc* 
tached conidia which are growing into hyplnc, 
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“spondia”) of many species unite lyenerallv in+A rr r 

lOOh; XOM). Thisunionin pai. .oes .oj hot:" f, 
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to germination, there is no fusion of nuclei, and tlierefore in - this fasion ” there 
is no sexml act. , 

Order 1. Ustilaginacese. Conidiophores with transirerse walk and lateral 
coiiidia . — IktWigo {Fig. generally developed its spores in the floral orgaiiH 
of its host-plant, the ovary or anthers, where they arise from iCThie, and form 
a slimy mass which w’lien mature becomes a black dust. 

To this order belong U. avewe, parasitic on Oats, 17. kmki and T. mitU 
{U, jemeni), on Barky; these are the usual cause of “ Smut’’ on ccreak. 
hlfpodytea on straw of Ebjniun and Ayntpyriim. U. jUiformis in thi* loaves of 
(ihjceria. 17. carkh transforms the fruits of %^arions species of Conx into 
black, dusty balls. O’, rmlacea developes its violet spore*powder in the anthers 
of the Caryophylhiceie. lb irntjopoymiU^ tranafoniis entire iiitlores(?etiees of 
Tm<jopo*j(m into a black-violet mass. Among the largest are V. firtindk, whkh 
causes the large swollen nodes in the stem of Phratmites, and the Maize Blight, 
U, maydk^ which produces outgrowths about the size of a hand on the snudix of 
the Maize, 

Order 2. Tilletiaceae. Conidiopliores undivided, generally several eonidia 
arise at their apu'es .— trlticL the Stinlchmnd on Wheat (Fig. P)0|. The 
mycelium lives in Wheat-plants, producing its spores in the o^ary after the* 
whole interior of this body has been destroyed by the mycelixnn, with the ex- 
ception of the external layer of the wall of the ovary, which remains essentially 
1.111 altered and encloses the clostdy packed, linn ma<s of spores (Fig. Bid d). 
The grains of Wheat thus attacked aresliorter and tliieker than the sound hks, 
and Uic ears show tlie presence of this Fungus by tiieir erect position, and 
the wdde separation of the chaff (Fig. 100 a). Tlie unpleasant odour of tin* 
ovary prior to the ripening of the spores, has given the name “ ^Sliiiklrraudd’ 
and, ill like maimer, its harduess when it encloses the ripe spores, k tl-se reason 
of its being also called ‘‘ Stonebrand.” On aceuunt of this hardness, Uh- dis- 
eased grains are readily harvested together with the healthy oues, v^ hich l-ieconu' 
infected by the spores at the threshing. 'I\ heris (T, /mteinf} also ucciirs on 
Wheat and has smooth brand-spores, 

Entijluma (Fig. Ob), a genus xvith numerous species, which appear in 
spots on the leaves of the host-plant, and Tuhumnki {Fig. 08), which makes 
its appearance on the Frimu- 
lace®, produce white eonidia- 
spots on the surface of the 
host-plant. The first-named 
has single spores, the latter 
has its spores closely massed 
together,— ?7roin/,s*tk (i^ig. 101) 
has its spores surrounded by 
a number of small and lighter 
coloured barren spores. Ik 
occulta^ Bye-stem Blight, 
forms its spores in long 
streaks in the stems and 
leaves of the Bye, and does 
eomiclerabk damage, !T. ce- 



Fm, 101.— r/ocpffjs, 1, U.eomlUtdeiA. A Kporc-lKill, 
magnified 450 times, 2 - 4 , F. mteMonm; 2-3, breinl* 
spores wMeb are about m garmimito lurngwified 450 
tames). 4, Oonidia, the, two in a state of fuBion, a 
third with vacuoles' md divisiou-widl, imignlfied 500 
times. 
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fulcR on Onions. U, viola forms large dark -violet swellmgs in the leaf-stalk 
and stems of Yiolet 3 .—T heca;phora (Fig. 102) appears in seedlings of Gon^ 
volvulus and Astragalus, 

As a means of protection against the Smut-Fungi which make their appear- 
ance on the different cereals, a submersion of the grains in a solution of blue 
vitriol (1%) for twelve hours, or better still, submerging for five minutes in 
water heated to 53-55° G (Jensen’s method) is employed. 






Fig. 102.— Thecapliova, 1, T. convolvuli, & hall of spores, one of tbe brand-spores has emitted 
a septate branched conidiophore (x 620). 2, T. affinis, a ball of spores (x 520}. 


Class 3, Mycomycetes, Higher Fungi. 

The Mtcomycites are not entirely aquatic in habit ; they have 
hyphae with transverse wallsj but no sexual reproductive organs. 
The asexual reproduction takes place in very diU'erent ways ; by 
endospores (in asci), conidia, basidiospores, chlamydospores, and 
oidia. Swarmspores are never found. 

Two chief methods of reproduction may be distinguished, and 
hence the class may be divided into two large sub-classes : — the 
Asoomycetes (with asci), and the Basidiomtcetes (with basidia). 

Sub-Class 1. Ascomycetes. 

The main characteristic which distinguishes the Ascomycetes is 
the ascm ; a name given to a sporangium of a definite shape and 
size, and containing a definite number of spores. The shape is 
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generally clnb-like or spherical, tlie number of spores 8 (in some 
2, 4, 16 or more), see Figs. 103, 105, 108, 110, 113, 116, 120, 121, 
123,129. 

In the lowest forms, the Exoasci, the ascus springs directly from 
the mycelium without the formation of a fruit- body (i.e, asco- 
carp). In the higher forms, which contain many species, the 
Carpoasci, the asci are united and form ascocarps which may be 
more or less enclosed (angiocarpic, hemiangiocarpic, and probably 
gymnocarpic). 



Fig-. 103. Endogenous formation of spores in Pezizd conjiuens. In the youngest asci 
there is only one nucleus (b, e ) ; this divides into two (/) ; and the division is repeated so 
that there are 4 nuclei in c and 8 in g. These surround themselves with protoplasm and a 
cell-wall The protoplasm of the mother-cell is not entirely used up. 

The hyphss of the Mycelium in some remain free, in others 
they are felted together and form thick strands or flat, cushion-like 
bodies (compare in particular the stromata of the Pyrenomycetes) . 
Some species iovm sclerotia (Figs. 116, 128). 

Asexual reproduction by means of conidia is known in many 
species as tbe principal means of reproduction, and the one 
■which affords the most rapid means of distribution. The conidia 
may be produced on conidiophores (Fig. 109), in conidial-layers 
(Fig. 122), and often in conidiocarps (pycnidia, Figs. 120 e ; 
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123 a ; 124 5.). These last occur partly as the so-called spermo- 
gonia’^ (that is, pycnidia with microconidia). The conidiophores 
never approach the basidia. 

In many species the ascospores germinate and form conidia immediately 
(Nectria cinnaharina, Sclerotinia, Taphrina, etc.), sometimes while they are 
still in the ascus and before their ejection {Taphrina, Fig. lOBa), In many in- 
stances the conidia by means of continued budding can, for a longer or shorter 
time, produce yeast-conidia, e.g* Taphrina, In many other cases the conidia 
arise from the germ-tubes of the ascospores, or at any part of the mycelium. 
The unripe asci of Taphntia, when placed in water, develope conidia at their 
apices. The ^^cZerotinia-species produce numerous conidia whose germination 
has never been observed. The formation of conidia and asci sometimes takes 
place on the same fruit-body. In Ueterosphceria patella the conidia and asci 
are developed successively in the same fruit-body ; in the ascocarps of Demu- 
tea frangula and Sclerotinea sclerotiorum the formation of conidia may take 
place. The ascocarps frequently arise from the conidial-layers {Nectria cin« 
iiahafnna, etc.). This relationship of the two forms of reproduction to each 
other may be explained by considering that both have descended phylogene- 
tically from sporangia. 

Sometimes chlamydospores and oidia also appear in tbe Ascomy- 
cetes ; on germination, however, they do not, as in Frotomyces, 
form sporangia, and on this account cannot be distinctly distin- 
guished from conidia. 

The asci are morphologically the highest form of reproduction 
and are always found at the close of the development of these 
Fungi ; the accessory forms of reproduction are fii*st developed, but 
a well-defined alternation of generations does not occur. 

In the Ascomycetes there are more than 11,000 described species, which can 
be classed as follows : — 

Series 1. Exoasci. Only one order. 

„ 2. Caepoasci. 

Family 1, Gymnoascales, 

,,2. PerisporialeSy 
,, 3. Pyrenomycetes^ 

,, 4, Eysteriales, 

„ 5. Discomycetesy^ 

,, 6. HelvellaleSf Gymnocarpic (?) Carpoasci, 

Additional Ascolichenes : Lichen-forming Ascomycetes. 

Series 1. Exoasci. 

Ascomycetes with free asci ; sometimes also' conidia, chlamydo- 
spores and oidia. One order. 

Order. Taphrinaceae. Of the genera belonging to this order, 

■ Taphrina^ Fndomyces^ Bjid Ascocoi'ticium^ the first is most important. 


^ Angiocarpic Carpoasci. 
Hemiangiocarpic Carpoasci. 
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Endomyces declpiens is a parasite in the fruit-body of Armillaria mellea ; 
E, mapmsii lives in the gelatinous, fermenting exudations of Oak-trees ; Asco- 
corticium albidum is found under the bark of the Fir-tree. Endomyces has 
cliiamydospores and oidia. 

The species of Taphrina are parasites, whose free asci may be 
found in great nurahers, generally closely pressed together, on 
the parts of plants which they haye attacked. The asci are de- 
veloped directly from the ascogenons cells of a fertile, generally 
sub-cuticnlar, hypha, which arises from the sterile mycelium. The 
latter arises from the germinating ascospore, and may hibernate 
in the tissues of its host, particularly in the winter buds, and then 
with the commencement of the next period of vegetation it con- 



pnmL Yeast-like budding of a Fig. 105.— Taphnna hetuUna : a ascus filled 

germinating spore { x 600 ). -with conidia; b germinating spores ( x 600 ), 

tinnes its growth side by side with that of its host. The hyphae 
ramify in the intercellular spaces or beneath the cuticle, but have 
no haustoria. The ascospores (Fig. 105 J.) and unripe asci may 
produce conidia. 

Very remarkable appearances, and swellings of the attacked tissues, are pro- 
duced wlien the mycelium is perennial; for example, the “ Witches’-brooms ” 
and Pockets.” The hard, hollow, stoneless plums, known as “ Pocket ” or 

Bladder ” Plums, are produced by considerable changes in the tissues of the 
fruit ; these are caused particularly by T. jpmm on several species of Prunus, 
The “ Witches’-brooms,” on the contrary, are deformations of entire twigs or 
branches, and often attain a very large size. They occur on Alnus ineam, 
caused by r. epiphylla; on Cmpimis betuhis^ hj T. carpmi; on Cherry-trees, 
hy T. cerasi; on Plum-trees, by T. insititicB ; on Birches, by T.turgida and 
T. hetulina. T* deformans attacks the leaves of the Peach, and causes them 
to curl. 
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When a perennial mycelium is wanting, the infection is confined as a rule to 
white or yellow spots on the leaves, < 7 . the commonest, T. sadebeckih on Alnm 
gliitino&a, and T, aurea on species of Fopuhts, T» alni incance (Fig. 106) causes 
considerable hypertrophies on the pistillate catkins of the Alder, which may he 
compared to the “ pockets ” of Frumis, 



Fig. 106,— Taplmwa alni incanm on the Alder (nat. size). 


Series 2. Carpoasci, 

The Carpoasci are Ascomycetes, whose asci are enclosed in fruit* 
bodies, i.e. ascocarps. The accessory means of reproduction are 
free conidiophores (Fig. 109), conidial-layers (Fig. 122), conidio* 
carps (Fig. 120 B, U, etc.), chiamydospores and oidia. 

For the diferent methods of distributing the ascospores, see p. 
92. ■ ■ 

Of the six families of the Carpoasci, the first three— Gy wwoa- 
scalesy Ferisporiales, ebud Pyr€nomycetes---Sbre ahgiocaepic (that is, 
the ascoearp remains closed throughout its existence, and does 
not dehisce when ripe) ; the fourth and fifth families (Hysteriales 
and JDiscomycetes), on the other hand, are hrmiangiociepio (the 
ascoearp, here also called an apo^/iecwm, is closed in the early 
stages, but opens at the commencement of ripening and exposes 
a hymenium of crowded asci) ; the family of Helvellales has 
probably gimnooarpic (or hemiangiocarpic) fruit-bodies. 

Family 1. Gymnoascales, 

The aseocarps are surrounded by a spongy and incomplete en- 
velope. One order, poor in species. 
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Order Gymnoascacese. — The ascocarps are borne sometimes solitarily, or 
sometimes coiled together, Gymnoascus reessii forms small bodies about 1 
mm. in diameter on old horse-dung, which at first are white and afterwards 
omnge-Ted.—Ctenomyces serratus liYes on the old feathers in birds’ nests. 

Family 2. Perisporiales. 

The ascocarps are surroniided. by a complete envelope without any 
opening : the frnit-hodies are cleistocarpic ; the spores are only 
liberated after the disintegration of the fruit-bodies. Paraphyses 
are wanting. The two first orders have in addition the means 
of reproduction by conidia. 

Order 1. Erysiphaceae, Mildews. The Fungi belonging 
to this order are epiphytic parasites, whose mycelium, somewhat 
resembling a cobweb, may be seen on the leaves and other 
green portions of plants (see Figs. 107, 108). The hyphse ramify 



dium”) ; c fertile hypha (ascogone or archicarp) ; d and e young ascocarps. 

in all directions upon the surface of their host, and emit haustoria 
which penetrate the epidermal cells, and thus derive the necessary 
nutriment. The Mildew-Fungi thus belong to the obligate para- 
sites, and during their growth dwarf and destroy the portions 
of their host on which they live. The reproduction takes place in 
the first instance by abstriction of conidio-chains from the end of 
special branches (Fig. 108 c, a hypha is seen in the act of detaching 
a conidium). The conidia may germinate immediately, and thus 
quickly reproduce their species. When present in large numbers 
they appear as a white meal covering the surface of the plant on 
■which the fungus is found. Later on appear the dark brown, 
spheroid ascocarps (Fig. 108 a) which, although small, are gene- 
rally just visible to the naked eye as black specks. 

A characteiistic feature of the Mildew-Fungi is the thin, pseudo- 
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parenclijmatons covering of tlae ascocarp, enclosing om {Todo* 
sjphcera and 8phceroi7ieca ; compare Theleholus among tlie Hemi- 
asci) or a few asci (Fig. 108 c), whicli do not form any liymeninm, 
but are irregularly placed. The cells of the ascocarp-envelope 
are often prolonged into hair-like appendages. The ascocarps are 
developed from the mycelium at places where two hyphie cross 
each other (Fig, 107). At these places two short and erect hyphen 
are produced side by side. The one from the lower hypha (Fig, 
107 c) assumes an ellipsoidal shape, and is known as the arcliicarp 
or ascogone^ while the other poUinodium'') arches over the 



Fig. 10S.-Frj/si2>?i^ communis, A small portion of a leaf with this Fungus growing upon 
It (considerably magnified). The hyph^ & and d do not belong to this Fungus, but are re- 
productive organs of a pyrenomycetous Fungus parasitic upon it (Cioinnoholus) , 


ascogone. From the latter one asens may be at once developed 
(Sp/ueroiheaa, etc.), or after its division several asci may be pro- 
duced, each developed from one division. The sterile hypha 
(termed “ pollinodinm,” since it was formerly, but erroneously, 
supposed to fertilise the ascogone) produces a number of branches, 
and forms the pseudo-parenchymatous envelope of one cell in 
thickness, enclosing the asci. 

Many pitots, both cultivated and wild, are attacked by various 
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species of Mildew- A common means of preTention against their 
attacks is to dast the diseased parts with sulpiinr* 

Splimrotheca pannosa occurs on the leaves of Boses, and on the fruit of 
Peaches and Apricots, S. ca$tagnei on Hiimuhis, Cucumis, etc , — Erysipke tuckeri 
grows on the leaves and fruit of the Vine ; it spins its hyphte over the bunches 
of grapes, curtails their growth, and causes them to burst, and to become de- 



Fig. 109. Furofmm glaucum : a portion of mycelium lying liorisiontally ; j3 vertically- 
placed conidiophore; the mycelium gives rise to another bmnch near a j the coiiidia are 
abstricted from short fiask-shaped cells ; b a ripe conidinm j c, d germinating conidia ; 
0 spirally-twisted hypha, commencement of an ascocarp ; / a stage later ; g still later, the 
hypha at the base of the coil has given off branches which are applied to it; h, i sections of 
young ascocarps, 

cayed and rotten (Grape-disease). The Fungus was first noticed in England 
in 1845, and later was found in all countries where grapes are grown. It is only 
known in the conidial foi*m (“ Oidiiim tuckeri*’). Many other species of Ery- 
sijjhe are found on herbaceous pl&nts*-~---Microspktsra has appendages which are 
repeatedly forked at their extremities, M, grosmlarics on Bihes grossularia,--- 



Pig. HO.—Eurotium, glaucum : a longitadinal section of a half-ripe ascocarp, botinded 
externally by a well-defined layer of cells, enclosing asci in various stages of develop- 
ment; h a semi- ripe, c an almost ripe ascus; d and e spores seen from the edge and 
side j / germinating spore twenty-two hours after been sown in plum juice. 

The conidia for some time remain attached to each other in 
chains (Fig. 109 a); they are abstricted from sterigmata arranged 
radially on the spherical, swollen end of the conidiophore. The 
small yellow or brownish ascocarps are frequently found in 
herbaria, especially when the specimens have been insufBciently 
dried. JEJuaspergillus fumigatus and others are pathogenic, causing 
mycosis in warm-blooded animals. 

PenicilUum crusiaceum (P. glaucum^ Figs. Ill, 112) is an ex- 
ceedingly common '‘Mould.” Its mycelium appears very fre- 
quently on any organic matter which is permitted to i^emain 
untouched, and soon covers it with a dense mass of blue-green 
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Vminula has appendages with spiraUy-coiled extremities ; on Salix and Acer, 
^Phyllactitiia has a circle of bristle-like appendages with dilated bases. P. 

gtittata on Cory luSf Fraxinust FaguSf etc. 

Order 2. Perisporiaceae, Moulds and Mildews. A group of 
Fungi widely distributed and found in all situations. Usually they 
have a well- developed surface mycelium, and small, round, seldom 
conspicuous ascocarps, containing ovoid, pulley-like spores. They 
ai‘e partly saprophytic, partly parasitic, in the latter condition 
having a brown mycelium. 

Purothtm glaucum ( = herhariorum^ Figs. 109, 110) and PI. 
repens live on dead organic matter, preserved fruits, etc. The 
conidial forms ot both species are known as “ Moulds ” (Fig. 109), 
and formerly were described under the name ^'‘Aspergillus glaucus,” 
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conidiopliores. These bran oh at their summits and bear flask- 
shaped cells from which the conidia are abstricted. The ascocarps 
which, both in size and colour, resemble gi’ains of sand, have only 


Fig. 111 . — Pemcillium crustaceum: a coniclia (x 300) ; b germination of conidia 5 c small 
portion of mycelium, produced from a conidium at with, five qonidiophores; d young 
conidiophorefx 630), a flask-shaped cell is ahstricting a conidium j e the same conidio- 
phore after 9-10 hours. 


Fig. 112.— PenicUUum crustaceum ; a two spirally-coiled hyph® arise from the my- 
celiam, from one of which (arcbicarp) the asci are produced; h a further step in the 
development of the ascocarp ; the branching arcbicarp is surrounded by sterile byphse ; 
c section of young ascocarp ; the larger . hyph® in the centre are the ascogeuous 
hyph® ; these are enclosed by a pseudo-parenchyma of sterile hyph® ( x 300) ; d series 
of ripe asci with spores ; & four ascopores seen laterally ; / germinating ascospores 

( X 800). 



been obtained in luxuriant cultivation with a limited supply of 


oxygen. 


Capnodhm salicinum (Fumago salicina, Cladosporium fumago), a common 
Mildew, forms dark overgrowths on the leaves and branches of various shrubs 
(Poplars, Elms, Willows) and on Hops. The conidia appear in various forms, 
as on conidiophores, in conidiocarps with large multicellular conidia, and in 
conidiocarps with small unicellular conidia ; in nutritive solutions yeast-like 
conidia are also developed. — Apiosporium pinopliilum produces mildew on the 
leaves of Abies alba and Picea exeeUa. (The conidial-forms were formerly 
described as “ jpfwop/iiZa ”)* 


'CARPOASCI. 


Order .3. Tuberacese, Truffles. The Fungi belonging to 
this order are entirely subteiTanean. The mycelium, is filamen- 
tous, and partly parasitic upon the roots of plants, especially trees, 
in its neighbourhood ; it is then known as MycorMza. The fruit- 
body is relatively large, in some cases about the size of a hen’s 


Pig. 113.— Titber melanosporum : a fruit-body (nat. size), a portion having been re- 
moved to show the internal structure ; 1 an ascus with ascospores. 


egg. Internally it is traversed by a number of winding passages 
(Fig. 113 a), the walls of which are coated with the asci. The asci 
(?;) contain only a small number of spores, and these are set free 
by the putrefaction of the fruit-body. Conidia are unknown. 


Tuber melanosporum^ T, brumale, T* and other species are edible. 

Terfezia leonis and Ghmromyces mcBandriformis are also edible. The Truffles 
are always found in woods and under trees, and disappear when these are de- 
stroyed. Prance and Italy produce the best and the largest number of Truffles, 
which are hunted by specially trained dogs and pigs. 

In Elaphomtjces (Stag-Truffle) the fruit-body has a corky external layer, and 
is inedible. Some of the species are found in this country. E. granulatus is 
parasitic on the roots of the Fir, 
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Eig. 115. — An ovarj’^ with, the conidial 
stage of Claviccps purpurea (Spliacdia). 


, 1 14.— A small portion of an ovary attacked 
with Claviceps purpurea {Sphacelia)^ 


Family 8. Pyrenomycetes. 

In tliis family tbe bynienium is enclosed in small frnit-bodies, 
penthecia (Fig. 120 5), wbicli appear to the naked eye as small dots. 
In shape they resemble a globe or a flask with a narrow mouth, 
through which the spores are ejected (peronocarpic ascocarps). 
Different kinds of reproduction— conidia, pycnidia (chiefly with 
microcoiiidia), chlamydospores, and perithecia — are found in the 
same species. The various stages in the life- history of these 
Fungi are so dissimilar, that formally they were considered to be 
different genera. Ergot furnishes a very good example. 

This family may he subdivided into 8 sub-families. 


Sub-Family 1. Hypocreales. 

The perithecia are jpale, fleshy brightly coloured, and generally 
aggregated on a stroma. Conidia and chlamydospores occur very 
frequently. Only one order. 

Order. Hypocreacese. In this order the majority are 
parasites upon Flowering-plants (Nectria, PoJystigma, Eplchloe, 
Claviceps); but some are parasites upon Fungi (Eypomyces, Melam- 
spora), or upon insects {Cordyceps), 

The most important member of this order is the Ergot (Clavi- 
ceps purpurea, Figs. 114, 115, 116). This Fungus is found in the 
flo%vers of many species of Grasses, especially the Rye, attacking 
and destroying the ovaries. In the first or conidial stage of the 
attack, the ovaries are found covered with a white, irregularly 
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folded myceliam (Fig. 114 m, Fig. 115), formed of numerous 
liypluT woven together and penetrating the wall of the ovary. 
From these a number of hypha3 (Fig. 114 a) project into the air 
and abstrict from their apices the conidia (h) which serve as repro- 
ductive organs. The mycelium also secretes a sticky, stinking 
fluid (honey- dew) in which the conidia are embedded in great 
numbers. The honey-dew exudes from the bases of the glumes, 
and is greedily sought by flies, which thus carry the conidia to 
other ovaries. In this manner fresh ears are infected, which might 



Fig. IW.—Clamceps purpurea, A Sclerotium with stromata (cl) (x by 2). B Stroma 
divided longitadinany to show the perithecia (cp). C A perithecium with the surrounding 
hyphs 0 (?iy). J) An ascus ruptured, with the eight filamentous ascospores emerging, 

escape were the conidia only distributed by the wind. This stage 
formerly was regarded as an independent Fungus, known as Sjpha- 
celia segetnm (Fig. 115). On germination, the conidia produce 
either a new mycelium (Fig. 114 d, c), or new conidia. The second 
or SCLEKOTIUM STAGE is the one in which the Fungus passes the 
winter. The naycelium penetrates deeper and deeper into the 
attacked ovaries, their tissues are destx'oyed and replaced by the 
hyphge, which gradually become . more and more felted together. 
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A firm, pseado-pareiicliymatoiis mass of hjphse is tiiiis formed at 
tlie base of tlie loosely- woven Spkacelia, which is in part trans- 
formed into the hard sclerotinm, and the remainder thrown off. 
A dark, hard, poisonous body, longer than the natural grain, is 
thus formed ; these bodies ai'e known as Ergots, and were formerly 
considered to be a distinct species, — Scleroiium clamis (“ Secale 
cornutum,” Ergot, Fig. 116 A, c). The rHiRD stage, described 
as Claviceps purpufea^ is developed in the following spring from 
the germinating sclerotium, which produces dark-red stromata 
with short stalks* In the stroma numerous perithecia with asci 
and ascospores are produced. The latter may infect young flowers 
of the cereals, in wdiich the disease is then developed as before. 



Fig. 117.— fefn'a cmnahavina : a branch of Acer pseudoplaianus, with conidial-layers 
and perithecia (nat. size); h a conidial -layer (Tuhercularia vulgaris); c,a mass of peri- 
thecia. (6 and c X 8.) 

Several species of the genus Nectria, with blood-red perithecia, are found as 
dangerous parasites, especially N, ditissima^ which causes “ Canker in the 
Beech, Ash, and Apple, etc. ; N. cucurbitulat which appears on Pine-trees, and 
N. c'mm.banna (Fig. 117), whose conidial form was formerly named TnhercuJaria 
vulgaris. — Folystigma ruhrum forms shining red spots on the green leaves of 
Fiimns-speoies.—JEpichloi^ typMna is parasitic on the sheaths of Grasses, on which 
it first forms a white conidiaMayer, later on a yellow layer of perithecia.— Cor- 
dyceps (Chrysalis Fungus, Figs. 118, 119) lives in and destroys insects, and after 
compassing their death produces the club-formed, generally yellow, stromata, 
one part of which bears conidia (Isaria) and another perithecia. C. militaris 
(Fig. 118) on the chrysalides and caterpillars of moths, is the most common. 




Fro-. 120,— Stnckeriaohduccns : a a portion of an Ash-brancli mtlitlie bark partly thrown 
off; on the wood are numerous black perithecia (x 20) ; h longitudinal section through a 
peritheciura ; c a spore ; d, longitudinal section through a pycnidium whose ascospores 
are being ejected ; e portion of the same, with hyph® and spores. 

Order 1. Sordariaceas. — Fungi living on dung with fragile perithecia, 
either aerial or buried in the substratum. The dark brown or black spores have 
either a mucilaginous envelope {Sordana, etc.) or mucilaginous appendages {Podo - 
by means of which their expulsion and distribution are promoted. 

Order 2, Chastomiaceae. Perithecia fragile, free, bearing on the summit a 
tuft of hairs. on decaying vegetable matter. 

Orders 3-7. Perithecia scattered or aggregated^ situated from the commence- 
ment on the surface of the substratum. Stroma wanting^ 

Order 3. Trichosphseriaceae. Trichosph^^ria parasitica (Fig, 121), on 
Abies alba ; Herpotrichia nigra on Picea excelsa and Pinus montana, 

'W. B. K , . 


Sab-Family 2. Sphseriales. 

To this sub- family belong the majority of the Pyrenomycetes. 
The perithecia are of 2 s firm consistence (tongb, leathery, woody or 
carbonaceons), and of a daric colour. Their covering is quite dis- 
iinct from the stroma when this structure is present. The stromata 
are sometimes very large, and may be either cushion- like, criis- 
taceoiis, upright and cluh-like, or branched bodies. In general, 
small, inconspicuous Fungi, living on dead Tege table matter, 
sometimes parasites. Free conidiophores and conidiocarps are 
known in many species, and in several, chlamydospore-like forms 
of reproduction. Orders 3-18 constitute tbe Spbasriacese of older 
systematists. 
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Order 4. Melanommaceas. Eosellinia quercina lives in the roots of 1-3- 
year-old Oaks, and destroys the plants. 

Order 5. Ceratostomacese. 

Order 6. Amphisphseriacese, Strieker ia ohducens (Fig. 120) has brick- 

like spores, and lives aggregated on the hard branches of Fraxinus. 

Order 7. Lophiostomacese. 

Order 8. Cucurbitariaceas. Perithecia tufted, at first emhedded^ then 
hrealdng through^ often situated upon an indistinct stroma. 

Orders 9-13. The perithecia remain embedded^ and are only liberated by the 
casting off of the covering layers of the substratum. Stroma loanting. 

Order 9. Sphaerellaceae. The species of Sphcsrella have colourless, 
bicellular spores. They live upon the leaves of many plants, and develope 
spherical perithecia upon the fallen leaves. 

Order 10. Pleosporaceas. The conidial-forms of Fleospora lierharvm and 
P. vulgaris form a black covering on various plants, known as “smuts.” — 




Fig. 121.— TricTicsijTicEria parasih'ca; a a twig of cities alba with epiphytic mycelium; 
b a leaf with mycelium and sporangia (magnified) ; c a sporangium ( x 60) ; d an ascus 
with spores ( X 660). 

Venturia ditricha occurs on the underside of dry Birch leaves, and perhaps to 
this belongs the conidial-form, Fusicladium pirinum, which causes the “Eust- 
spots ” on Apples and Pears. 

Order 11, Massariaceae. 

Order 12. Clypeosphasriacese. 

Order 13. Gnomoniacese. Perithecia, with peak-like aperture. Gnomonm 
■erythrostoma in the leaves of Frimus avium^ which turn browm and do no fall 
in autumn. 

Orders 14-18. Stroma generally well developed^ The perithecia are embedded 
in the stroma, but when this is rudimentary, in the substratum. 

Order 14. Valsacese, Valsa, 

Order 15, Diatrypaceae. JDiatrype, 

Order 16. Melanconxdaceae. 

Order 17. Melogrammataceas. 
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Order 18. Xylariaceae. THs order is tlie most liigHy de- 
veloped of tlie Spkieriales. Tlie stroma arises on the surface of 
the s'mhstratum^ wliicli is generally dead or decorticated wood; 
it is well-developed, criistaceous, hemispberical or upright. In 
the younger conditions it is covered with a layer of conidia, and 
later on it bears the ^eritkecia^ arranged in a layer immediately 
beneath Us surf ace. The ascospores are of a dark colour. Often 
also there are free conidiophores. 



Fig. 122, — Xijlaria hypoxylon (nat. size) on a tree stump; a younger, h an older stroma, 
both of which, with the exception of the black lower portion, are covered wnth white 
conidia ; n, spot where the perithecia are developed ; c an old stroma with upper part 
fallen off ; d, e large branched stromata ; k conidia. 

Hypoxylon and UstuUna have a cnsMon-like or crustaceous stroma. — Xylaria 
has a club-shaped or branched stroma, often several centimetres high, X. 
hijpoxifloii (Fig. 122) and X. pohjmorplia occur on old tree stumps. — Poronia 
grows on old horse dung, and has a conical stroma. 

Sub-Family 3. Dothideaies, 

The perithecia are always embedded in a black stroma, and are 
not disbimtlij separated from it. The accessory forms of reproduc- 
tion are : conidiophores, conidiocarps, and yeast-like conidia. The 
majority are parasites. One order. 

Order Dothideacese. PhjUadhora gmminis produces scab-like patches on 
the leaves of the Grasses. — Scirrhia rimosa grows on the leaf-sheathes of 
Phragmites. — Jihopographus pieridis on Pteridium.aquilinum* 
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Family 4. Hysteriales* 

This family, like ttie following, has hemiangiocarpic ascocarps 
(apothecia). These are closed in the early stages, but when ripe 
ope7t in a mlvular manner by a longitudinal fissure ; they are black, 
oblong, and often twisted. Some species are parasites, especially 
upon the Coniferge. 

Order 1. Hysteriacessv Hysterium pulicare upon the ruptured bark of 
many trees. 

Order 2. Hypodermacese. The species of Lophodermkim live upon the 
leaves of Conifers, and are the cause of their falling off (blight), L. pmastn 





Fig. 124.— Tliree leaves of 
the Eed-pine with Lopho- 
dermimn maorospovum : a 
under side of the leaves with 
apothecia ; h a leaf from 
upper side with pycnidia, 
(x about 2.) 


Fig , 125. — Lophodermhiin 
'pinai>tri: a leaves of Pitius 
sylvestris with apothecia 
(nat. size); h twoparaphyses 
and an ascus with filamen- 
tous spores. 


Fig. 123. — XopTiodemmm 
(Hypodenna) nervisequium t 
a two leaves of Abies alba 
seen from above with pyc- 
nidia; b a leaf seen from 
the underside with apothe- 
cia; c an ascus with asco- 
spores. (x 500.) 

(Fig. 125), on the leaves of Pmus and Picea ; the leaves become red-brown 
and fall off ; at first conidiocarps are formed, and later apothecia ; L, nervise- 
quiuvi (Fig. 123), on Abies alba; L. macrosporum (Fig. 124), on Picea excelsa ; 
L. brachysporum, on Piniis strobus^ 

Order 3. Dichaenaceae. 

Order 4. Aero sperm ace ae. 


Family 5. Discomycetes. 

The ascocanps (apothecia) are at fii'st closed, and 07ily open at 
the time of their ripening, not valvnlarly, but more or less 
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like a saucer or cup^ so tliat tke hymeniiim. lies exposed on tlieir 
upper surface. In the first three sub-families, and generallj also 
in the fourth, the apothecia are formed inside the substratum. 
The apothecia are, in contrast to the Pjrenomycetes, light and 
brightly coloured, and their size Taries very much, and may be 
several centimetres in diameter. Paraphyses are often pi^esent^ 
between the asci ; they often contain colouring matter, and give to 
the disc its characteristic colour. The tissue on ■which the asci 
are borne is known as the hypothecium , The shape and colour of 
the spores is not so varied as in the Pyrenomycetes. The acces- 
sory forms of reproduction are conidia (sometimes of two forms), 
chlamydospores, and oidia. The family is divided into 5 sub- 
families. 

Sub- Family 1. Phacidiales. 

The apothecia are developed in the interior of the substratum, 
which they break through, and in general dehisce apically. The 
envelope is tough and black. Hypothecium inconspicuous; 
hymenium fiat. 

Order 1. Eupbacidiacese. Fhaddium abietinum, on the leaves of Abies 
alha.-—Rliytisma; the pycnidia are found in the summer on the green leaves, 
while the apothecia are developed on the fallen leaves and dehisce in the 
following spring. J2. acerinum causes black spots on the leaves of the Syca- 
more, and on Willows. 

Order 2. Pseudophacidiacese. 

Sub-Family 2. Stictidales. 

The apothecia when ripe break through the substratum which 
forms a border round them, Hymenium generally saucer-shaped. 

Order 1. Stictidaceae. Stictis, 

Order 2. Ostropaceae. Ostropa, 

Sub-Family 3. Tryblidiales. 

The apothecia are embedded in the substratum in the early 
stages, and then are raised high above it, Hypothecium thick. 
Hymenium cup-shaped. 

Order 1. Tryblidiaceae. Tryblldium, 

Order 2. Heterosphaeriaceae. Meterosphmria patella on the dead stalks 
of Umbellifers. 
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FiGr. 126 . — Botryiis cinerea : (t, sHglitly 
magnified; ?> more highly magnified; c 
germinating conidium. 


Sub-Family 4. Dermateales* 

The apotliecia in the early stages are embedded in tlie sub- 
stratum and then break through it, or are from the first situated 
on the surface of the substratum. Hypothecium thick. 


Order 1. 
Order 2. 
Orders. 
Order 4. 
Order 5. 


Cenangiaceae. Cenangium, 

Dermateaceaa, Dermatea, 

Patellea^ Biatorellaj Patellaria. 

Caliciaceas. Calicium, Coniocyhe, etc., on the bark of trees. 
Arthoniace®. Arthonia on the bark of several trees. Gelidium 
stictarum on the &poth.eoi& ot Sticta pulmona7'ia. 

Order 6. Bulgariaceas. Apothecia gelatinous under moist conditions, and 
homy when dried.— Calloria fusarioides ; the red apothecia break out in the 
spring on the dried stalks of Urtica dioica ; a gelatinous reproductive form of 
the Fungus is found before the apothecia, which consists of oidia (formerly 
described as Dacryoinyces uriicce'^). — Bulgaria inqidnans on the living or 
fallen trunks of Oaks and Beeches. 


Sub-Family 5. Pezizales. 

The apothecia are developed on the surface of the substratum and 
are waxy or fleshy -; at the commencement closed, and covered with 
a saucer- or cup-shaped, seldom fiat, hymenium. The hypothecium 
is generally well developed. This sub-family is the richest in 


Fig. 127 .—Scleroiinia fuckeliania ; a scle- 
rotium with conidiophores ; h with apo- 
tiiecia ; c section through sclerotium and 
apothecium; d asous with eight asoo- 
spores. ( X 390.) 
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species of the Discomjcetes and contains forms of Tery different 
habit. They grow upon dead wood, npon the ground, and npon 
dung. A few are parasites. 

Order 1. Helotiacese. Apothecia with waxy eiiTelope ot 
colourless, or yellow'ish prosenchymatoas cells. — Chlorosplemum 
(BTuginosmn is found on decaying wood (particularly Oak and Birch), 
to which it gives a green colour. Sclerotinia has sclerotia which are de- 
veloped upon the host-plant and from which, after a period of rest, the long, 
brown-stalked apothecia arise. S, ciborioides (S, trifoUorum, Fig. 128) is 
parasitic on Clover ; S» sclerotioniriij on Dauc«s-roots, Fhaseohts, etc. ; S. bac- 
carttm, on the berries of Vaccinium myrtillus; “ Botrytis cinerea ” is a common 
parasite and is probably the conidial form of S. fuckeliana (Fig. 127). — Helotium 
herhartm lives on dry plant stems. — Dasyscypha willkovimii (Fig. 129) produces 
Larch-canker on the bark of the Larch. 



Fig. 128. — Sclerotinia ciborioides: a sclcrotiuni Fig. 129.— DasijscypkaiuiU/commii : 
with three apothecia slightly magnifieti; h ascus a portion of baric of Larix decidua 
with eight ascospores ; c germinating ascosporo. with sessile, cup-shaped apothecia 


(nat, size); b two paraphyses on 
either side of an asens with eight 
ascospores. 

Order 2. Mollisiaceae. MolUda cinerea^ principally on decaying wood. 

Order 3. Pezizacese. This order contains tlie largest and 
morphologically the highest forms of the Discomycetes. Apothecia 
fleshy, and in the later conditions generally saucer- shaped. 

Feziza, with sessile apothecia, growing on the ground ; P. cochleata is brown, 
and coiled like a snail-shell ; P. coccinea is scarlet ; P. aurantia occurs as an 
orange-coloured expansion on the ground. 

Order 4. Ascobolacese. Apothecia fleshy; in the later stages flat or 
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convex. The asei are, comparatively speaking, large, and often contain a great 
number of spores which escape by the casting off of a lid on the sumnait of the 
ascus. Generally living on dung. — Ascobolus furfuraceusj etc. 

Family 6. Helvellales. 

These Fungi have the appearance of clubs, bells, or mushrooms, 
consisting of an upright stalk bearing a large and fleshy head, on 
exterior surface of which the hymenium is spread. The asco- 
carps are probably gy mnocarpio from 
the beginning, and on this account 
these plants are placed in a separate 
family. The development of the 
ascocarps is unknown. The Morchella 
(Morell) grows on the ground ; some 
species are edible. 1 order. 

Order. Helvellaceee. is yellow 

and club-shaped, and forms “fairy rings ” in 
woods.^ — Geoylossum (Earth-tongue) projects 
above the ground as a black tongue, or as a 
club-shaped body. Several species are found 
in meadows and on hee^ths,— Helvetia has a 
stalk, bearing an irregularly folded head, on 
the external surface of which is the hypothe- 
cium. — Morchella (Morell, Fig. 130), the stalk 
bears on its summit the conical or spherical 
head, the external surface of which is reticu- 
late and hears the nsQi.-~Mitrula. Verpa, 



Fiq* 130,— Morchella esculenta: a 
an entire specimen, about one half 
natural size ; h longitudinal section 
through the head. 


Appendix to the Ascomycetes: 

Family 7. Ascolichenes (Lichen-forming Ascomycetes). 

The Lichens were formerly classed among the Thallophyta as a 
group quite distinct from the Algse and Fungi, Investigations dur- 
ing the last twenty-five years, however, have conclusively proved 
that the Lichens are Fungi which reproduce in the same manner as 
the Ascomycetes, or, more rarely, the Basidiomycetes, and have 
entered into a peculiar symbiotic relation with Algce, especially 
the Cyanophyceee and Protococcoidese, with which they associate, 
and without which they would be unable to exist. The Fungus 
forms the largest portion of the Lichen, enclosing the Alga with 
which it may be said to be commensal. The Fungus especially 
produces reproductive bodies and absorbs the inorganic nourish- 
ment through the rhizoids, whilst the Alga supplies it with the 
organic mafceidals. In consequence of this the Lichens, in con- 
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tmdistincfcioii to otker Fungi, need light for ttie development of 
their nutritive organs, and are therefore, in any case internally, of 
a more or less greenish colour. The form and condition of the 
thalius is unusual among the Fungi, and they can grow upon rocks 
and in other places where no dead organic matter, such as would 
be required by other Fungi, is obtainable. 

Two cellular forms are therefore to be found in each Lichen: 

1. The cells which belong to the Fungus. These are generally 
septate, branched without any trace of chlorophyll. Jn 



Fig. 131 .—Transverse section through the thalius of Sticta fuUginosa ( xoOO) : r-r rhizoid* 
strands, which arise from the underside; g-g gonidial layer; m medullary layer; © upper, 
u lower cortex. 

the thalius of the majority of Lichens there may be found a 
medullary layer (Fig, 131 m) of loosely- woven hyphen, between 
which there are large air chambers ; and an external layer (cortex) 
(Fig. 131 0 , ii) formed of closely-woven hyphaj without any 
intercellular spaces. In some Lichens (Oollemacem) the hyphse 
•wind about in the thalius, being equally distributed throughout, 
without forming any decided strata. These Lichens moreover be- 
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come gelatinous when exposed to moisture (Fig. 132), on account 
of the swelling of the walls ol the Algse. The lijphee contain 
protoplasm with drops of oil, but never starch ; their w^alls easily 
swell when exposed to damp after having been dried, and in some 
{e.g. Cetraria islandica) they become gelatinous when cooked. 
Certain strata of hyphie become blue on treatment with iodine 
alone, from which it is inferred that the wall is allied, in its 
chemical nature, to starch. 

2. The enclosed Algse, termed “ gonidia.’' Some belonging to 
the CyanophycesB, Protococcoidese, (especially JPleurococctis) Ojiid 


Fig. 132. Collema microphyllutn^ Transverse section through the thallus j g Nodoc- 

chains; 7ihyph£e. 

ChroococcacesB, are spherical and are found isolated, or in irregular 
groujps of cells (Fig. 131 g') j some belonging to Nostoc (Fig. 
132 g), Lyng'byacese, etc., are placed in cell-rows. Each Lichen, 
as a rule, has only one definite Algal-form for its gonidium. 

The gonidia either lie together in a certain stratum between 
the cortex and the medullary layer (Fig. 131 g), or are scattered 
u-regnlarly throughout the entire thallus (Fig. 132). The thallus 
is in the first instance termed “ heteromerous,” in the second in- 
stance, “homoiomeroas.” The Fungal-hyphse embrace the gonidia 
and aply themselves closely to, or even penetrate them, and 
hence it has been difBcult to decide whether the one cellular form 
does or does not develope frona the other (Figs. 134, 135). 
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Fig. 133, — JEpliehe pidcscens. 
The apex of a branch of the 
thallaa with two lateral branches 
(«) : Ji its hjphipji g the apical 
gonidium of the main branch. 


This theory regarding the symbiosis of Fungi and Algse to form a Lichen is 
termed the Schwendenerian theory, after the first scientist who advanced it with 
any weight. It had been already indicated by De Bary, and further arguments 
in its support have at a later time been adduced by Bornet, Stahl, Treub, 
Frank, Bonnier, Aifr. Moiler and others. 


Fig. 135.— ,4 Germinating spore of Physcia yarie- 
thia with Protococcus viridis. JB Synalissa sym.'pliorea 
with Glceoca'psa, C Cladonia furcata with Proto-' 
coccus. 


The thallus of the Lichen appears mainly under three forms : — 
1. The Crustageocs, which adheres firmly to the substratum 
(bark, stone) throughout its entire surface, without being raised 
into any free patches or lobes. It has, in many instances, no 
definite outline, and hyplial -branches from it often penetrate 


Fig. 134.— jN’ostoa lichenoides, w'hich is attached 
by a germinating thread (h) of Collenia glaucescens. 
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Fig. 136.--Portion of a hymenium : d a tbin 
stratum on which the asci (s) are situated. 


^ margin, and raises itself a little by free outgrowths and 
^Fig. 141). The rhizoid-strands spring out from its whitish 
surface (Fig. 131, r). 

The Fbuticose, which is attached to its substratum at a 
point from which it projects freely, either erect or pen- 
I. It is more or less tufted, in the form of a bush (Flo's. 142 


Fig. 138. — Lecanora suhfmca : 
a the bark on which it is situ- 
ated ; I the thallus ; s the 
ascocarpj s' anascocarp. 


Fig. 139. - 
(two species), 


Fig. 140. — PeHtisaria com- 
munis. 


143). These three thallus-forms gradually pass over by many 
intermediate forms into one another. 

The Lichens, -like other Ascomycetes, have very variously 
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coiistructed ascospores (Fig; 137), which are enclosed in asci 
(Fig. 136), usually surrounded by paraph yses attached together. 
Furtheriiiore they possess pycnidia (Fig. 141) containing numerous 
microconidi a. These were formerly considered as organs of 
fructification, and were termed “ spermatia,” and the pycnidia, 
“ spermogonia.” Alfr. Moller proved, in 1887, that the micro- 
conidia are able to germinate and produce a mycelium with new 
conidia, just as in other Ascomycetes. 

YeCietatiyb Reproduction takes place by soredia, which to the 
naked eye appear as whitish powder on the surface of the thallus. 
They are small round bodies, formed by one or a group of gonidia, 
which are sun’ounded by a mass of felted hyphse. After the 
rupture of the cortex they are set free, and readily carried by the 
wind to other places, where under favourable circumstances they 
tablish a new thallus. 



Pig. 141 . — A A portion of the thallus ot Farmelia^paTietma with, ascocarps (a) and pycnidia 
{h). B A portion of the thallus of Cetravia islandica with pycnidia at the end of small 
lobes. C A lobe with pycnidia and ejected, microconidia. (Magnified). 

Geographical Distribution. The Lichens are the most hardy \ 
plants, and are the first to appear on hitherto bare rocks which. ■ 
the}" gradually disintegrate, and hence prepare the way for the 
growth of other plants. They are to be found from the Polar ; 
regions to the Equator ; from the 'highest snow- free mountain. ^ 
pc^aks down to the level of the sea ; on the stems of trees ; on rocks, 
soil, some even on inundated places ; on stones in woodland streams, ' 
and on beaches; but they are never found npon rotten organic . 
remains. Some grow gregariously in enormous masses, and form ; 
wide-stretching carpets, e,g. Reindeer Moss (Cladofda ra-yigiferina), j 
species of Oetfaria and other fruticose Lichens. ■ 

Uses. On account of the cell-wall being composed of Lichen- 
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starch (Lichenin), the Iceland-Lichen and Manna-Lichen {Lecanora 
esculenta) are used as food ; the latter grows on stones, in the 
deserts of Asia and North Africa, and is often torn loose in lars^e 
masses and carried away by the wind. The Eeindeer- Lichen is 
not only the principal food of the reindeer, but it is also used in 
the manufacture of Danish brandy. Cetraria islandica (Lichen 
islandicus) is officinal. Colouring materials (lacmus, orseille, 
persio) are made from several species, especially from Eoccella 
tmctoria (from the rocky coasts of the Mediterranean). Parmelia 
saxatilis and particularly Lecanora tartarea are used for colouring 
purposes in the Northern countries. 

About 2,000 species of Lichens have been described. If we 
disiegaid the Basidiolichenes, which will be considered on page 
176, the remaining Lichens (Ascolichenes) may be divided into 
the two following orders according to the structure of the fruit- 
bodies : — 

Order I. Pyrenolichenes. The ascocarps (apothecia) are 
spherical or flask-shaped, as in the Pyrenomycetes, more rarely 
linear ((?TO_p7iM). 

Aoeordittg to the nature of the thallus, these Lichens may be divided into : 

а. Thallus homoiomerous, but not gelatinous, branching aocordin.^ to the 
mode of growth of the Algse : Ephcbe (Pig. 133), with Alga 3 of the genus 

Stigonema, 

б. Thallus homoiomerous, gelatinous : Lichina, 

c. Thallus heteromerous, crustaceous : Verrucaria, Pyrenula ; Gra^yhis 
139), which may be considered as Hysteriaceffi with gonidia; several species of 
OmpMs are common on bark. 

d. Thallus heteromerous, foliaceous : Endocarpon. 

e. Thallus heteromerous, fruticose : SpUmrophorus, 

Order 2. Discolichenes. These, as in the Discomyceies, 
have open apothecia, which, as a rale, are cupular-, more rarely 
hemispherical (Gladonia). 

' According to the nature of the thallus, these Lichens may he divided into 

a. Thallus homoiomerous, but not gelatinous, branching according to the 
mode of gr-owth of the Alg® : Cmnogonium. 

b. Thallus homoiomerous, gelatinous: Collema (Fig. 132), with Algje of the 
genus Nostoc ; Leptogium* 

c. Thallus heteromerous, crustaceous: Fertusaria (Fig. 140), Leddea with 
apotheda open from the beginning; Lccoraoro, with apotliecia. which in the 

later 0“ open, but with a rim formed by the thallus 
(fig. I3&); Bceomt/ces, -whoae apothecia are borne on a stem formed by the 



(I. Thallus lieteromeroiis, foliaeeous : Parmelia {P, saxatilu ; P. imrictina, 
Wall-Lichen, Fig. 141, is yellow, very frequent on tree-stems, stone-wails, 
tiles); Physcia (P. ciliaris, 
frequent on tree- stems) ; 

Sticta {S. pulmonacea^ Lung- 
Lichen, on tree-stems) ; 

Peltiyera^ especially on the 
Moss among trees ; Umbili- 
caria^ on rooks. 

<!. Thallus heteromerous, 
fruticose: Cetraria {C, u- 
landica^ “Iceland Moss,” 
with an olive-brown, flat, 
furrowed, fringed thallus, 
on heaths; white, 

in the Polar regions ; 

Evemia^ Pamalina, XJsnea 
{U. harbuta, Beard-Lichen, 

Fig. 143) ; Poccella, Stereo- 
caulon^ Cladonich of which 
the genus C. rangiferina, 

Reindeer-Moss (Fig. 142) is 
important ; Cladonia has two kinds of thallus, one scaly and leaf-like, the other 
erect, which bears the apothecia and may be fruticose (Fig. 142), or cupular 
(Fig. 144) ; they grow in soil in forests and on heaths. 




Fig. 142 . — Cladonia rangiferina : s ascocarp 
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Sub-Class 2. Basidiomycetes. 

This sub-class embraces the most; highly developed Fungi, with 
large “ fruit-bodies,” which in ordinary language we shortly term 
Funguses, Toadstools, or Mushrooms. 

They have no sporangia, but reproduce only by means of 
basidiospores, conidia, chlamydospores and oidia. The chief 
characteristic of this sub-class is the basidium (Fig. 145), i.e. the 
conidiophore, which has a distinctive form, and bears a definite 
number (generally 4) of characteristically shaped conidia (basidio- 
spores, Fig. 145 c, d, e). 



Fig. 145.— Development of spores in CortiGium. 


The summit of each basidium is produced generally into four 
conical points {sterigmata, Fig. 145 5), from each of which a 
hasidiospore is ahstricted. The basidia may he classified into 
three principal groups, each of which accompanies a distinctive 
conidiophore: 1, the long, filamentous, transversely divided basidia, 
with lateral sterigmata and spores, found in the Uredinace» (Figs! 
146n,'lh3), Auriculariacese (Fig. 160 5), and Pilacraeeee; 2, the 
spherical, longitudinally divided basidia of the Tremeilace® (Figs. 
160 e d ; 161 iii. iv.) ; and 3, the ovoid, or cylindrical, undivided 
basidia of the Autobasidiomycetes (Fig.s. 145, 163, etc.) ; the two 
last have apical sterigmata and spores. 

The first two groups are the septate basidia (protdbasidia), of the Protohasidio- 
mycetes; while the nnseptate basidia (autobasidia) of the Autobasidiomycetes 
are the third group. On the formation of the basidiospores, the nucleus 
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of the basidinm divides into four nuclei, each of which 'is transferred to a 
spore. * 

In addition to the basidia, simple conidiopJiores ai*e also found. 
Ill the Protobasidiomjcetes, the simple conidia are very generally 
found as accessory methods of reproduction in conjunction with 
the basidiospores ; but less frequently in the Autobasidiomycetes, 
e.g. among the Dacryomycetes, Tomentellacea, Heterohasidion 
anno sum. 

The simple conidiophores vary in size, and in the number and shape of 
the conidia ; they, however, resemble the basidia, and are doubtless an early 
stage in the development of the definitely formed basidia. 

Finallj, well-defined clilamydosporesy formed in various ways, 
appear in the Basidiomycetes as supplementary reproductive bodies 
(compare p. 90). Among the Protobasidiomycetes, chlamydospores 
are at present only found among the Uredinace^, but in various 
forms; ill the majority of families of the Autobasidiomycetes 
oulia frequently occur (Pig. 162), but genuine chlamydospores 
seldom. 

Ill the same species several of the known forms of reproduc- 
tion may be distinguished. 

The mycelium is generally composed of white, branched strands, 
consisting of numerous felted hyphae ; in some, sclerotia are 
found. — The .great majority are saprophytes; some (particularly 
all the Uredinaceoe), are parasites. 

Divisions of the Basidiomycetes. 

Series 1. Peotobasidiomycetes : partly gymnocarpic, partly angiocarpic. 

„ 2. Autobasidiomycetes. 

Family 1. Dacbyomycetes : gymnocarpic. 

,, 2. Hymenomycetes : partly gymnocarpic, partly hemian- 

giocarpie. 

„ Z. PHALLOiDEiE : hemiangiocarplc. 

„ 4. G-astebomycetes : angiocarpic. 

Appended. Basidiolicbenes : Lichen-forming basidiomycetes. 

Series I. Protobasidiomycetes. 

To this series belong the lowest of the Basidiomycetes. The 
basidia appear in two principal forms (1 and 2 on page 144) and 
are divided into four cells, either transversely or longitudinally, 

■ each division forming a sterigma which abstricts a basicliospore. 
The first three orders, Uredinacese, Aurioulai-iaceEB, and Tremel- 

\v. B. 
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laceiB liave gymnocarpic fruit-bodies, while those of the 
Pi I acraceee, on the contrary, are «^'^^^ocarp^c. 

Order 1. Uredinace^ (Rusts). All the Rust-Fungi are 
parasites, their mycelium liying in the interior of the stems and 
leaves of their hosts, causing red, brown, or black spots — hence 
their name — and malformations, sometimes of considerable size. 

The Rust-Fungi are gymnocarpic and destitute of a hymenium ; 
for these reasons they are regarded as the simplest order of the 
Basidiomycetes. They are entirely parasitic, and their filamentous, 
branched mycelium ramifies in the intercellular spaces of its host, 
and often protrudes haustoria into the cells. The mycelium is 
perennial should it enter a woody tissue ; it may also hibernate in 
the rhizomes of perennial herbs and permeate the shoots springing 
from them, but in the majority of the Rnst-Fungi the mycelium 
has a very limited growth. The chief means of reproduction of 
the Rust-Fungi are the cJilamydospores, which in the more highly 
developed species occur in three forms, namely, the teleuto-, 
^cidio-, and uredo-spores. The spores, in the host, are formed 
immediately beneath its epidermis, which is ruptured on the 
ripening of the spores, with the production of ‘‘rust,” brown, red, 
or black spots. Those chlamydospores which produce basidia are 
termed ieleutospores. The spore on germination produces a trans- 
versely divided hasidium, “promycelium,” on which hasidio- 
spores, “sporidia,” generally four in number, are produced on 
lateral sterigmata. This hasidio-frnctification is gymnooarpic; 
the hasidia neither form a hymenium nor a fruit-body (only 
Cronartimn and Gymnosporangium have a slight indication of a 
hasidio-frnctification). 

Many Rnst-Fnngi, in addition to basidiospores, have small, 
uvicellular “ spermatia,” which are borne in conidio- 

carps, spermogoniaf^ ■ 

The TELEUTOSPORES (^Winter- Spores') may be either unicellular or 
multicellular; in the majority of cases they are enclosed in. a hard 
outer cell- wall, the exospore, which in some cases is very strongly 
developed; they have also a long or short stalk, the remains of 
the spore-bearing hypha. Each cell of the telentospore has 07ie 
germ-pore (a thin portion of the wall, for the protrusion of the 
germ-tube ; in Phragmidium and Oyniiiosporangium there are, how- 
ever, several germ-pores). The colour of the teleutospores is 
.generally much darker than that of the uredospores, and it is by 
these that the majority of the Rnst-Fungi hihermte. 
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In Gymnospoj'angium^ two kinds of telentospores are found (distingmslied 
by their size and thickness of exospore). In many species of Fuccinia, the 
form of the telentospores varies very much, so that in the same layer spores 
have been observed with the characterktic form of other, allied genera. — The 
telentospores of Mndopkylliim resemble ^cidiospores, since they are united 
in chains, whose cells are easily separated, and are produced in the interior of 
a “ peridiimi.” The multicellular telentospores of Goleosporium function as 
basidia, and from each cell immediately produce basidiospores, — The teleuto- 
spores of Goleospnrium and Ghrysomyxa, differ from other telentospores in the 
absence of exospore and germ-pore. 

The .ECiBOSPORES {S'pring -spores) are produced in chains which 
are generally enclosed in an envelope of hjphse, the peridium - the 
peridium enclosing the spores being termed the mcidiicm. The 
Eeckliospores are unicellular, and generally of an orange colour ; 
they are often separated by intermediate cells which wither and so 
assist in the distribution of the spores. The exospore is made np 
of minute, radially arranged rods. Generally germination proceeds 
immediately, the aacidiospore producing a germ-tube, which de- 
velopes into a mycelium bearing either uredo- or teleuto-spores. 

The ®cidia of many Bust-Fungi were formerly considered as distinct genera. 
The ajcidia of Fhragmidkim, Triphragmium, and Melampsora, in which the 
2)erkUum is wanting, were in part considered as Gieoma, The jecidia with 
fimbriate edge, or those of Gymnosporangiiim with longitudinal lattice-like 
splits, were considered as “ Ecsstelia ” (Lattice-Bust) ; large, sac-shaped £ecidia 
on the Ooniferss were known as Peridermimn, 

The UEEDOSPORES (S'wmmeMpore^) are unicellular and arise 
singly, seldom in chains Their colourless, warty 

exospore bears, w equatorial plane, germ-pores. In the 
germinatl 071 proceeds immediately, and a mycelium is 
produced which at first gives rise to uredospores and afterwards 
to telentospores . 

The uredospore-formations of Melampmrella and Gronartium are enclosed in 
an envelope, and hence resemble secidia.— -Between the uredospores sterile, 
unicellular hyphiB (paraphyses) may be found. 

The spermogonia are spherical or pear-shaped conidiocarps, 
generally embedded in the substratum, and are produced before 
the jBcidia, before or simultaneously with the uredospores, or before 
the telentospores. The conidia, as far as observations go, do not 
generally germinate under ordinary conditions. 

Among the Rust-Fungi some species are found which only 
form basidiospores and telentospores {Pmcinia malvacearum, 
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Ghrysomyxa ahietis). Other species have in addition nredospores ; 
others spermogonia and nredospores; others spermogonia and 
jBcidia; others spermogonia, nredospores and secidia. Those 
species in which all the methods of reproduction are not de- 
veloped must not be considered as incomplete forms. 

As a rule the mycelium, which is produced from the basidio- 
spores, developes ^cidia; in the species, however, without ^cidia, 
it developes the uredo-form, and when the nredospores are also ab- 
sent, the telentospore-form. It has been established in some species 
of Fuccinia and Uromyces that the formation of secidia can be sup- 
pressed, and it is not a necessary part of the cycle of develop- 
ment of the species, 

The majority of Bust-Fungi hibernate in the teleutospore-form. Many 
species are able to hibernate in the uredospore-form {Goleosporkm senecionis). 
Others pass the winter in the aecidio-form, and develope ascidia on new hosts 
(Uromyces ptsi, on Euphorbia cyparissias ; Phragmidium subcortlcium, on Eosa ; 
JEcidium elatimim, on Abies alba). In Ghrysomyxa abietis, the mycelium, 
developed from the basidiospores, survives the winter. 

Among the Itust-Fungi, with several forms of reproduction, 
there are about sixty whose development can only be completed by 
an alternation of hosts, that is, on one host only uredo- and teleiito- 
spores are produced, while the further development of the ger- 
minating basidiospores, and the formation of the ^cidia and 
spermogonia from its mycelium, can only take place on a second 
quite distinct and dehnite host {hetercecious or metoxenous Fungi), 
Those Fungi which have all their forms of reproduction on the 
same host are termed autoeciotis or autoxenons. It is not, however, 
always necessary that the heteroecious Rust-Fungi should regularly 
change their hosts ; for examp)le, Fuccinia graminis can hibernate 
in the uredo-form on the wild G-rasses, and in the spiing can dis- 
tiibute itself again in the same form. 

As a consequence of the alternation of hosts the various forms of develop- 
ment were considered as independent genera (Uredo, JEcidium, Mmstelia, Cmma, 
Feridemium), until De Bary and Oersted established, about the same time 
(1865), the mutual connection of some forms, and paved the way for the right 
conception of these Fungi. 

As an example of one. of the most highly developed species, 
Fuccinia graminis, the ‘‘ Rust of Wheat,” holds a prominent posi- 
tion, Its nredospores and teleutospores are produced (Fig. 146) 
on Grasses (on cereals, especially Wheat, Rye, Oats, and many 
wild Grasses), while the sBcidia and spermogonia are confined to 
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tlie Berberidacese. The teleutospores, developed on the G-rasses, 
hibernate on the dried portions of their host, and in the succeeding 
year each of the two ceils of the teleutospore may develope a 
hasidium with four basidiospores (Fig. 146 D, c). The basidiospores 
are distributed by the 
wind, germinate quickly, 
and only proceed to fur- 
ther development on Ber- 
heris or Mahonia, The 
germ-tube bores tlimugli 
the epidermis of the Bar- 
berry-leaf, and forms a 
mycelium in its interior, 
its presence being indi- 
cated by reddish- yellow 
spots on the leaf. After 
6-10 days the iiask-shaped 
spermogonia appear (Fig. 

147 B j a ; conidia in 
Fig. 147 D) and a few 
days later the cup-shaped 
cecidia (Fig. 147 A ; C, c, 
d, e). The former are 
generally on the upper, 
and the latter on the 
underside of the leaf. The 
orange - coloured secidio- 
spores scatter like dust, 
and germinate only on 
G-rasses ; the germination 
■takes 'place in about two 
.days 'when placed 'On any' 
green part of a Grass. 

The germ-tube enters the 
Grass - leaf through a 
stoma; a mycelium is de- 
veloped in the leaf, giving 


Fkx. 146 , — PuGcinia graminis* 


rise to a small, oval, rust-coloured spot (Fig. 146 A) ; in about 
days the epidermis is ruptured over the red spot, and n 
reddish-yellow uredospores, formed on the mycelium, are set free. 
The uredospores (Fig. 146 B) are scattered by the wind, and can 
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germinate sBould they fall on the green portions of other Grasses ; 
they then emit 2-4 germ-tahes through the equator! ally- placed 
germ-pores. The germ-tubes enter a leaf through a stoma, a 
new mycelium is then developed, and in about eight days a fresh 
production of uredospores takes place, which germinate as before. 
The uredospore-mycelium very soon produces, in addition, the 
brown teleutospores, which give a brown colour to the rust-coloured 
spots, the familiar uredospores on the cereals being quite sup- 
pressed towards the close of the summer (Fig. 146 G, D). The 
“ Bust of Wheat ” hibernates on some wild Grasses in the uredo- 
spore-form. 


Eig. 1^7 ,-~2Ecid'km 'berhendis. A Portion of lower surface of leaf of Barberry, with 
cluster-cups (secidia). B A small portion of leaf, with spermogonia, from above. C Trans- 
verse section of leaf on the upper side, in the palisade parenchyma are three spermogonia 
(a h); on the lower side an unripe secidium (c d) and two ripe fficidia (d, e, /); f chain of 
fficidiospores. D Hyphae, forming conidia. 

Geneba. Puccinia (Fig. 146, 147) has bicellnlar teleutospores, each having 
a germ-pore, and the secidia when present have an indented peridium ; some 
species, as exceptions, have 1-3-celled teleutospores. Many species are 
HETERCECious, for example, P. graminis, described above ; P. ruUgo, which also 
infests various Grasses, but whose secidia appear on Anckiisa ; the masses of 
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teleutospores are small ; they contain paraphyses, and are for a long time 
covered by the epidermis. P. coronata, on Oats and Bye Grass; its ascidia on 
Ehammis ; the teleutospores are surmounted by a crown — “ coronate processes.” 
P. phragmitis^ on Eeeds ; jecidia on species of Eumex and Rheum. P. 7noUni(e, 
on Molinia cmnilea ; the secidia on 
Orchids. P. foanmi^ on Meadow- 
Grass ; JBcidia on Tussilago. Various 
Puccinias growing on species of Garex 
have their ascidia on Vrtica^ Lysi^ 
mackiay Girsium, FediculariSi etc. — 

Of those AUTCECious species, which 
have ail their generations on the 
same host, may be noted : — P. galii, 

P. mentka, P. violcB^ F. epilohii, P. 
asparagi, which grow on the hosts 
from which they have taken their 
specific names.— As representative 
of a group which have spermogonia, 
uredo- and teleuto-spores on the same 
host, but on different individuals, P. 

$itaveole-mf on the Field-Thistle, 
may be mentioned. The spermogonia have a strong odour.— A peculiar group 
(Leptopuccinia) has only teleutospores, which germinate immediately, and 
whilst still attached to their living host. To this group belong P. arenariiE, 
on a number of Caryophyllaceae ; and F. malvacearum, on various Malvaceae, 
introduced in 1873 from South Anaerica to Europe, where it soon proved very 
destructive to Hollyhocks. 

Uromyces (Fig. 149) differs only from Puccinia in always having unicellular 
teleutospores. Among this genus both heteroecious and autoecious species are 
found. To the first group belong U. pisi, whose secidia are found on EuphorUa 
cypanssiaB^ and U. dactylidis, whose ajcidia appear on Ranunculus; to the 
second, group helong U. bet(e, U. phaseoUi U. tdfolii. 

Triphmgmhm hsLS teleutospores with three cells (one below and two above), 



small portion of the epidermis of a Pear- 
leaf (a) pierced at h by the germinating 
basidiospore (c). 



on Spima tilmajia. 

Fkragmidium (Fig. 150) has teleutospores consisting of a row of cells (3-10) 
arranged in a straight line ; the upper cell has one 
germ-pore and the others four germ -pores placed 
equatorially. Both this and the preceding genus 
have large, irregular aecidia without peridia, but often 
with bent, club-lilve paraphyses (150 b and c) ; they 
are all autmcious, and are only found on the Eosaceaj. 

Endophyllmn (see above, under teleutospores, p. 

147) on species of Sempervimim. 

Gymnosporangium (Figs. 152, 154) has bicellular 
teleutospores collected in large, gelatinous masses 
formed by the swelling of the long spore-stalks ; in each cell 2-4 germ-pores are 
found. Uredospores are wanting. All the species are heteroecious ; the teleuto- 
spores aijpear on Junipems^ the teeidia {Rmtelia) on the Pomace^e. G. sabince^ 


Fig. 149. — Uro‘)titjees 
genistcs ; a uredospore ; b 
teleutospore. 
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on Juniperus scihina, J, virginiaiia, etc., lias the secidia (“ Rociitelia cancellata ”) 
on Pirns communis (Figs, 152, 148) ; G, jimiperinnm, on Juniperiis commmis 
with Rcestelia cormtia'^ (Fig. 154 a) on Sorbus anciiparia, Aria nivea {S.aria) 
aad Malm communis; G. clavaricefovme on Juniperus communis, the lecidium 
belonging to it (‘•^ Mmstelia lacerata ”) on Crategus oxyacantha. 

Melampsova has prismatic teleutospores placed parallel to each other and 
forming a crustaceous layer ; in many species they are divided longitudinally 
into several cells (Fig. 151). The secidia, without peridium, belonged to the old 
genus Cceoma. M. caprearum, on Willows, has the secidia {Cccoma eiionymi) on 
Euouymus. 3L hartiyii, on O&ieis; the ajcidiiim on M, mixta, on Sal ix 


repens and Orchids, ilf. pinitorqua, on leaves of the Aspen, aseidia on Pine 
branches (Pine shoot fungus) ; IT. popuUna on Populus monilifera and nigra ; 
Jf. hetulina (Fig. 153), on Birch leave's ; M. padi (Fig, 151), on leaves of Pnmus 
padus, developes teleutospores in the epidermal cells ; ilf. Uni is the cause of 
injury to the Flax ; ill. agrimonia, 

Oalyptospora gcsppertiana; teleutospores on Vaecinmm viiis idma; spermo- 
gonia and a^cidia on AUes alba (Firneedle-Eust). 

Coleosporium (Fig. 155) forms its medospores in reddish -yellow chains; for 



BASIDIOMYCETES. 153 


the teleutospores, see page 147. C, senecionis, on the Groundsel ; its fficidiiim 
{Peridermnm wolffii) on Pine-leaves (Fig. 155 a). Other species on Sonchus, 
Petasites, Cai7ij)anula, Rhinanthacem. 

Chrijsomyxa (Fig. 156) has bright red, branched teleutospore-ehains ; each 
spore developes a 4-celled basidium. C. ledi^ on Ledum palustre ; its aecidia 
on the leaves of the Fir. C, ahietis (Fig. 156), without uredo- and £ecidio- 
spores ; teleutospores on the leaves of the Fir. In the first summer, yellow 



Fig. 152. — Pear-leaf, seen from the under Fig. 163 . — Melampsom hetulina : a 

side, with ‘'^Rcestelia cancellata different uredospores ; 6 three contiguous teleu- 

ages (a youngest, d oldest). tospores, one of which has developed 


a basidium with three basidiospores. 
■ (X 400.). ■ ■ ' , , ' ■ 

bands are formed on the leaves, and in the following spring the red cushions of 
spores. 

Cfonartiian (Figs. 157, 159) has unicellular teleutospores united in numbers 
to form erect threads or columns ; the uredospores are enclosed in a “peridium ” ; 
C, ribicola (Fig. 157), on leaves of Bibes (especially Black Currants) ; its secidia 
(Peridemium strohi^ or P. klebahni) on the stems and branches of Pimis strohus 
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Fig. l5i.--Gymnosporangimtm3unipennw)n: aasmal leaf with three clusters of acMia 
(nat. size) ; h three conidia ; c t wo ajcidiospores on one of which are seen the ^erm-nores • 
d a portion of the wall of an acidium ; e, f two teleutospores, * 
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(Fig. 159), on which it causes great damage ; <7. asclepiadeum^ on Vincetoxicum 
otficijicile ; its lecidia {Peridermiuin cornui) on the stems and branches of Finns 
silvestris. 







Fig. 156. — Chrysomyxa ahietU : 
a leaf of fclie Fir, with 5 clusters 
of basiciiospores( x 4) ; 6 branched 
rows of teleutospores springing 
from the mycelium (m). 


Fig. 157.— Cronarfiwm vihicola : a mass of uredo- 
spores ( X 50) ; b an uredospore ; c a column of teleu- 
tospores (X 60); da small portion of the same 
more highly magnified, with a basidium and two 
basidiospores (s). , 


To the Fungi of which the secidium is known, whilst the remaining forms are 
still undetermined, but which are without doubt heteroecious, belong Mcidium 
elatimmt which produces the enormous “ witches’ brooms ” and barrel-shaped 
swellings on stems and branches of Abies alba; and ^cidiim strobilinum 
(Fig. 158), which attacks Fir-cones, 
causing all the scales to become 
covered with clusters of ascidia 
opening by a lid. Hemileia vasta- 
irix destroyed the coffee planta- 
tions in Asia. 


Orde.r2, Auriculariaceae. 
The long, transversely divided 
basidia bear laterally 4 long 
sterigmata with basidiospores 
(Fig. 160 B) and are united 
to form an hymenium on the 
surface of the fruit - body. 
Parasites or saprophytes.. 



Fig. 158.— jEcfdium siroMlinwn : a scale of 
cone of Ficea excelsa, with numerous ojcidia ; b 
secidiospores arranged in a series; c a cell 
of the peridium, ; 
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Auricularia sambticina {Auricula juda), Judas’-ear, has large friiit-bodieSj 
which may attain the size of several inches, resembling an ear or a mussel shell. 
In the moist condition they are flesh-coloured, tough and gelatinous, but when 
dried, become hard, grey and wrinkled ; the exterior is covered with short hairs ; 
while the internal surface bears the hymenium. Habitat : stems and branches 
of old Elder- trees (Sambucus), 

Order 3. Tremellaceae. The round, ^pear-shaped^ longitudinally 
divided hasidia hear 4 elongated sierigmata, situated apicallj, and 4 
basidiospores (Fig. 160 0, P), and are united 
into the hymenium on the surface of the 
fruit-body. The fruit-bodies are frequently 
gelatinous and quivering ; similar fruit- 
bodies are also found in the Dacryomyce- 
tacese and Hydnacese. Simple conidiophores, 
which appear not unfrequently in the basi- 
diocarps, before the basidia, are known in 
many species. Saprophytes. 


Exidia has kidney-shaped, oblong basidiospores, 
and small, hook-like conidia ; E, glandulosa, E, albidq, 
etc., on wood. — Craterocolla has conidiocarps ; 0. cermi 
on Cherry-wood.— ySftacfna incrustans ; the yellow, 


Eig-. 159.— Pen’demi'uw 
strain : fecidia of Qronar- 
tium ribicola (nat. size). 


Fig. 160. — B Auricularia sambucina : a-d basidia in vari- 
ous stages of development; e a sterigraa bearing asi^ore.— 
C Tremella lutescens : a~d basidia seen from various sides 
(1) from above) and in various stages of development; 
e sterigma with basidiosporo (x 400). D Exidia glandu- 
lo$a : a-c various stages in the development of a basi- 
dium; d sterigma with basidiospore (x 350), 


fleshy, or cartilaginous fruit-bodies are found in autumn covering the ground in 
moist woods.— TremeitZa has round basidiospores ; T* mesenterica has irregulaidy- 





Fig. ICl. — Tremella lutescens : I and II fruit-bodies (nat. size) ; III vertical section 
through a fruit-body ; b basidia ; c conidia; IV-VI basidiaj VII basidiospore with a 
second spore ; YIII a basidiospore with yeast-like budding (cultivated) j IX a conidio- 
phore. (III-IX about 400.) 


Series 2. Autobasidiomycetes. 

This second and larger part of the Basidiomjcetes is character- 
ised by its more highly differentiated, undivided^ club-shaped, or 
cylindrical basidia, which generally bear 4 (seldom 2, 6, 8) apically- 
placed sterigmata and basidiospores (Eig. 145). The fruit-bodies 
are partly' gymnocarpic (in the first 3 orders and in some Agarica- 
ceiB). partly hemiangioGarpic (in orders 3-6 of the Hymcnomycetes 


folded, quivering, orange fruit-bodies, about one inch in breadth ; T. lutescens 
(Fig. 161) has orange-yellow conidial- and yellow basidial-layers ; T. fronclosa 
has fruit-bodies upwards of a foot in breadth. 


Order 4. Pllacracese. The transversely divided basidia have no 
sterigmata, hut sessile basidiospores, and fill up the cavity of a closed 
(angiocarpic) fruit-body a gleha without a regular arrangement 
(hymeniiim wanting). 


Filacre fagi on the old stems of the Copper-Beech ; P. peter sit, on dried 
branches of the Hornbeam, has stalked, capitate fruit-bodies. 
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and in the Phalloideje, the frnit-bodies in these orders are in the 
y'Giin^ conditions more or less ang’iocarpic, hut later on generally 
open below and bear the hymeninm on the tinder surface of the 
frnit-body), part]y,also angiocarpic (in the Gasteromycetes), 
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Family 1. Dacryomycetes. 

The long, cluhsliaped hasidia bear two tapering sterigmata, 'which 
develope remarkably large basidiospores (Fig. 162 II, XI) and 
form gymnocarpic fruit-loodies with hymenium. 1 order : 

Order I, Dacryomycetaceae. This order comprises 4 genera 
of which the first two develope the hymenium on the whole surface 
of the fruit-body, but the two last only on its apex. 

Dacryom-yces : the folded, gelatinous, Tremella-ldke fruit-bodies break out in 
winter on dried wood (hedges) in the form of red or yellow drops. D. deliques- 
cem is very common (Fig. 121). The following genera have cartilaginous 
fruit-bodies. — Calocera (Fig. 162), with club-like, simple, or branched, Clavaria- 
like, fruit-bodies ; the orange coloured fruit-bodies of G. viscosa grow aggregated 
together on the wood of Conifers. — Guepinia resembles a Peziza, and has the 
hymenium only on the hollow upper surface. — JDacryomitra resembles a Mit- 
Tula (Fig, 162). 

Family 2. Hymenomycetes. 

This family is very rich in species (more than 8000 have been 
described), and to it belong all the ‘‘ Mushrooms ’’ and Toadstools.’^ 
The /wf- bodies present very various forms; they are generally 
fleshy, very perishable, seldom leathery or corky, in the last case 
often perennial. The hasidia are more or less cylindrical and bear 
generoMy 4i (seldom 2, 6 or 8) sterigmata and basidiospores. The 
hymenium in the fully-formed fruit-bodies lies free on the sur- 
face: in orders 1 and 2 and a portion of order 6 it is from the 
commencement exposed, fruit-bodies gymnocarpic ; orders 3-6 have 
hemiangiocarpic fruit-bodies (p. 157). In the first order the 
hasidia (or the hymenium) are developed immediately from the 
mycelium (Fig. 163) ; the fruit-bodies of orders 2 and 3 present a 
higher grade of development, and have between the mycelium and 
hymenium a special hyphal-tissue, Bj stroma, which is crustaceous, 
club-like, or coralioid, etc., and in general bears the hymenium on 
the largest part of the free, smooth surface. In the forms most’ 
highly developed (orders 4-6) a new tissue-— the hymenophore — is 
introduced between the strdma and hymenium, which appears on 
the under side of the fruit-body in the form of warts, pi’ojections, 
tubes, folds or lamellse (Figs. 166, 167, 174 be)* Paraphyses are 
frequently found in the hymenium, among the basidia. In the 
Hymenomycetes few examples of conidia can be recognised at 
first. More frequently clilamydospores are found, particularly oidia, 
The mycelium is richly branched, generally colourless, often peren- 
nial ; it lives in humus or decaying wood, and is seldom parasitic. 
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The hjplijB generally have clamp-connections and nnite, 
times, to form a rhizomorpha (Fig. 177) or sclerotia with col 
pseudoparenchymatons covering. 
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Order 1. Tomentellacese. To this order belong the simplest of 
the Hymenomycetes. The basidia (Fig. 145) arise" free and irregn- 
laily fiom the mycelium , a hynT/STiiuiTi is cfiti/TBly ctbssfit or V6Ty 
slightly formed (in Gortidum it attains its highest development)'; 
fridt’lodies are also wanting.— -In general they form flaky, mem- 
branous or leathery coverings on bark and wood. Some are 
parasites. 

Ey^ochnm without Qom^m.—Tomentella with conidiophores ; growing on 
wood or e^xtK—Exohmidium vaccinii (Fig. 163), a parasite on Vaccinium, 
Andromeda, Arctostaphylos, and Rhododendron, forms flaky-powdery, white or 
red coverings and may cause hypertrophy of the parts attacked. E. warmingii 
is parasitic on Saxifraga ; E, lauri causes outgrowths on the stem of Laurus 
canariensis as long as a finger, which formerly were regarded as aerial roots.— 
Gortidum forms membranous to leathery layers or crusts; C. qiierdiiuni on 
wood and bark, particularly Oak, is flesh-coloured; (7. cceruleufn has a blue 
hymenium ; C. giganteum on the bark of fallen Pine-trees. 


Order 2. Clavariacese. The hymeninm is situated on a stroma, 
and either completely covers the smooth surface of the more or less 
fleshy gymnocarpic fruit-hody, 
or is confined to a tolerably 
well defined upper portion 
of it (Typhula), Paraphyses 
absent. The vertical, white, 
yellow, or red fruit-bodies 
are roundish or club -like, 
undivided or richly branched 
(Pig. 125). Generally on the 
ground in woods, seldom on 
ti^ee-stems, etc. 

Genera : Clavaria, generally 
large Fungi with thick, round 
branches, C. hotrytis has a very, 
thick, tubercular stem with numer- 
ons short, flesh-coloured branches : Pig, iQi.— Clavaria coralloides (nat, size , 

it has an agreeable taste, C. comZ- 

loides has a brittle, richly-branched fruit-body (Fig. 164) ; basidia with two 
large spores. C. pistillaris consists of a single, undivided club of a yellowish- 
white colom.Sparassis has compressed, leaf-like, curled branches ; S, crispa 
has fruit-bodies as large as a white cabbage-head, with an agreeable taste. — 
Typhula and Pistillaria are small Fungi with filamentous stalks, terminating 
in a small club. The fruit-bodies of the former often arise from a small, 
spheroid sclerotium ; the latter is distinguished by the basidia bearing only 
two spores. 
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Order 3. Thelephoraceas. The h3niieriium is placed on a 
stroma and covers the smooth surface of the leathery hemiangio- 
carplc fruiUhody, generally on its under side. The edge of the 
stroma, -which bounds the hymenium is sometimes especially 
developed (Stereum). Saprophytes. 

Genera: Thelephora, The fruit-bodies iu this genus are brown, very ir- 
regularly shaped, and often lobed. The spores too are brown, but in the other 
genera colourless. The species are found growing on barren soil. T, 
laciuiata (Fig. 165) has imbricate, semi-circular, dark-browm pileus, which is 
jagged at the edge and upper surface. The fruit-bodies are very often raised 
above the ground, and although this species is not a parasite, yet it destroys 
young seedlings by growing above and smothering them , — Stereum has a 
stiver fruit-body, with a distinct, fibrous, intermediate layer. It grows on 
bark and wood, projecting like a series of imbricate brackets, S. hirsutuin is 
yellow ; its free edge is provided with a number of stiff hairs, the upper surface 
being divided into a number of zones. S. jpw'pnreiifn has a red-violet hymenium 

which distinguishes it from the 
previous species. — Cijphella has a 
membranous cup, or bell-shaped 
fruit-body, often borne on a stalk, 
the concave surface being covered 
with the hymenium. They are 
small, white Fungi, growing on 
Moss and dead stems— is 
closely related to Cyphella ; its 
fruit-bodies are smaller and hairy ; 
they are found clustered together 
forming a crust-like covering on 
dead wood. — Craterellus has a 
large, funnel-shaped fruit- body, 
the hymenium covering the external surface. C. cormicopioides is shaped like 
a trumpet or a“ horn of plenty.” It is dark-grey, several inches in height, and 
grows gregariously on the ground in forests. It is distinguished by the basidia 
bearing only two sterigmata. 

Order 4. Hydnaceae. The fruit-body is most frequently 
fleshy, and varies considerably in shape, the simplest forms being 
i*esupinate,^ the higher ones umbrella-like. The hymenophore is 
found on the free or downward-turned surface, and always takes 
the form of soft emei'gencies hanging vertically downwards. The 
emet'gencies may be thorn-, awl-, or wart-like. The species are 
found growing on the soil and on dead wood. 

Genera: Hydnum has subulate, distinct emergences. JET. repandutti is 
yellow, the stalk being placed in the centre of the pileus. It is an edible 

^ In the resupinate fruit-bodies a fertile and sterile surface cannot be dis- 
tinguished (c/. Polyporaeeaa and some Stereum-speoies). 



Fig. IQo.—ThelepTiora laciniata (nafc. size). 
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species, and .'often forms “ fairy rings ” in woods. H. durucalpium (Fig. 166) 
is dark-brown, with stalk placed at the edge of the pileus. It grows on old Fir- 
cones. H. erinacem grows on old tree-trunks. The fruit-body is yellow and 
very large—as big as a human head— with emergences as much as an inch in 
length,— Irpeo; has a leathery fruit-body, partly resupinate, partly with free, 
projecting edge ; the under side bears tooth-like emergences which are arranged 
in rows, and Lpex thus forms a transition to the Agaricace^.— P/zZeim is entirely 
resupinate, with radially-arranged folds on the free side, and pectinate border. 



Fig. 166 . — Eydnum aitriscalptam, upon a Fir-cone, in different stages of development. 

Order 5. Polyporaceae (Pore-Fungi)* An order very rich 
in species (about 2000 species are described). The fruit-body is 
of very different forms — resupinate, projecting like a bracket, 
hoof-like, or umbrella-shaped. In some it is fleshy and edible, 
in others leathery or corky,, persisting for several years. The, 
hymenophore is situated on the under side of the fruit-hody, and 
consists of wide or narrow tubes or pores, whose inner surface is 
clothed with the hymenium (Fig. 167). In some fruit-bodies large 
cavities are to be found, which bave arisen as interstices between 
the labyrinthine curved and reticulate folds. Chlamydospores are 
known in some species. Conidia occur very rarely. Many species 
work considerable damage : some as parasites on trees, others by 
destroying timber. 

^ Genera. Foli/porus (Pore-Fungus). The tubes are narrow, accurately fitted 
together, and forming a thick layer on the under side of the fruit-body, appearing 
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as a number of fine boles. The fruit-body most frequently resembles a bracket, 
or is hoof-shaped, with one side growing from a tree-trunk ; it is very often per- 
ennial, and a new layer of tubes arises in each succeeding period of vegetation. 
Strata, corresponding to the periodically interrupted growth, are thus formed in 
stories one above the other, and are visible on the upper surface of the fruit- 
body, as well as in the interior, , as a series of concentric belts, sometimes as 
many as half a score or more in number. P. fomentarius (Touchwood) attacks 
trees, especially the Beech. The spores germinate on wounds from broken 
branches, and the hyphae, following the course of the medullary rays, find their 
way into the interior of the tree, from whence the mycelium spreads upwards, 
downwards, and peripherally, so that the wood becomes rotten (“ white-rot *’) 
and thick felts of mycelium are formed in radial and tangential directions. A 

dark line, caused by the 
youngest parts of the hy- 
phfe containing a brown 
juice, marks the boundary 
between the rotten and 
the unattacked parts of 
the stem (Fig. 168); at 
places where the mycelium 
extends to the bark, the 
cambium becomes de- 
stroyed and further growth 
is arrested, so that longi- 
tudinal furrows arise on 
the stem. It is at these 
places, too, that the hoof- 
shaped, ash - coloured 
fruit-bodies are developed, 
which may attain a cir- 
cumference of upwards of 
7 feet. The interior of 
the fruit-body consists of 
a dried-up, loosely felted, 
red-brown mass of hyphse, 
which has been used for 
tinder and as a styptic 
(“ Fungus ehirurgorum ’^), 
P. igniarius h&B a harder, 
dark-brown, more rounded 
fruit-body ; it grows in a 
similar manner, hut 
especially attacks Oaks, Poplars, and Plum-trees, the wood of which becomes 
rotten, and is called, touchwood. P, ^ini [Tvametes (Fig. 170), a parasite 
on the stems of Pinus^ causes a kind of ** red-rot ” in the stem, P, sulphureus 
has a soft, cheesy, yellow fruit-body ; it produces “ rot ” in Oaks and Apple- 
trees, P. officinalis ^ Larch-fungus (*‘ Fungus Laricis ” in Pharmocopceia), grows 
on Larch- trees in the south-east of Europe. P. versicolor has thin, semicircular 



Fig-. l&^.—JPolypovus igniarius. Section through the 
under side of the Fungus : h-h is hyphal-tissue between 
the tubes, formed by irregularly felted hyphse, many of 
which are seen cut across; s is the hymenium which 
covers the walls of the tubes, and from, which the basidia 
with the spores protrude. 
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fruit-bodies, witla zones of various colours on the upper side ; it is one of the 
most frequent species on tree-stems. P. frondosus grows on soil in woods, and 
consists of numerous aggregated fruit-bodies, which become very large and 
fleshy. This species is edible. P. perennis also grows on the soil in woods ; 
it is very leathery, with central stalk, and has concentric zones on the upper 
surface of the fruit-body. P. vaporarim destroys the wood of living Pines 
{Finns silvestris) and 
Firs (Picea excelsa), 
causing it to become 
red-brown ; in timber 
this Fungus causes, 

“red-strip ” followed 
by a “dry-rot.” P. 
squamosus destroys 
many Walnut - trees, 
and is also very de- 
structive to Limes and 
Elms. P. fulvus causes 
a “white-rot” in Abies 
alba, 

Heterobasidion an- 
nosum (Polyporus an- 
nosuSf Trametes radici- 
perda, Fig. 169) is 
characterized by its 
Aspergiltus4ike coni- 
diophores* It is a 
parasite on the Pine, 

Fir, Birch, Beech, etc., 


Fig. 168. — Section of stem of a Beech attacked by P. fomen- 
iarius : a non-attacked parts of the stem ; b the furrows where 
the mycelium has reached the bark, and where the thick 
mycelium-strands reach the exterior ( J-th of the nat. size). 


Fig. 169. — Base of a Fir-tree, with a number 
of fruit-bodies of Heterohasidio7i annosum just 
beneath the surface of the soil, indicated by 
the dotted line (-Ith nat. size). 


Fig. 170.-- a fully developed fruit- 
body of Polyporus pini {Trametes 
pini)f lateral view (nat. size). 
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and is the chief cause of a root-disease (red-rot) in Pines and Pirs ; the fruit- 
bodies deveiope a large number of basidiospores ; they may be very large and 
are found just beneath the surface of the soil (on living or dead roots), and 
exposed to the air (on felled stems and roots, in Scandinavia). 

Ftyehogaster has cushion-like fruit-bodies, which consist chiefly of chlamy- 
dospore-chains, formed of ellipsoidal spores, which alternate with short hyphae 
having transverse septa and clamp-connections. The hymenial portion is 
limited to a small group of tubes. PL albus (Oligorus ustilaginoides) grows on 
stumps of Conifers and forms irregular cushions, at first white and later on 
brown, which consist almost entirely of chlamydospores. 

Boletus (Fig. 171) has a fleshy fruit-body resembling a common Mushroom, 
with central stalk. The layer of tubes is easily detached from the pileus, and 
the tubes are easily separable from one another. They grow on the ground in 
woods. Edible species are: B, eduUs^ with thick, reticulate stalk; B. scaber, 
with thin stalk and rough pileus ; B. luteusy with 
a ring on the stalk. B» hiridus is poisonous, 
its tubes have red openings, and the flesh turns 
quickly blue when broken and exposed to the air. 

FistuUna hepatica (Beef-steak Fungus), has a 
red, fleshy, edible fruit-body, with red juice. 
The tubes are individually distinct; eonidia are 
also developed. Grows on old Oaks. 

Merulius lacrymans (“ Dry-rot”) has a resu* 
pinate fruit-body with white, cotton-like border, 
and the remaining portions covered by reticulata, 
ramified veins of a rust-brown colour. In favour- 
able vegetative conditions it is fleshy and exudes 
large drops of water— hence its specific name 
and also the name “Tear Fungus.” The my- 
celium is at first colourless, and then yellow- 
brown ; when dry it is tough and leathery. It 
destroys the timber in damp houses, extends far 
and wide over boards and beams and even over 

ith) : 0, longitudinal section of 

& portion of tlie pileus. masonry, giving rise to a disagreeable smell 

in the rooms in which it lodges. In woods the 
Fungus lives on Pine-stems. It is brought from the forest on the logs of timber, 
and is distributed from log to log by the mycelium and the basidiospores. 
The living mycelium can be recognised by the clamp-connections shooting out 
branches. The basidiospores are often ejected a distance of a metre ; they are 
elliptical (10-11 /a long and 5-6 p. broad), and germinate easily on damp wood, 
or in fruit-juice which has been neutralized with urine or alkaline carbonates. 

I><sdalea (Labyrinth Fungus), has bracket-like, corky fruit-bodies with irregu- 
larly-folded plates or discs on the under side. It forms a transition to the 
Agaricacese. D. quercina, is frequent on Oak-stumps. 

Order 6. Agaricaceae (Mushrooms, Toadstools). The 
hymenophore consists of knifedike plates (lamellce, gills), which are 
situated on the under side of the umbrella-iike pileus of the fruit. 



Fig. 171 . — Boletus edulis (about 
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In tlie early stages of its development tlie fruit-body is more or 
less enclosed in a bypbal tissue — -the “ veil (velum universale, or 
volva). The veil at first completely encloses the young fruit-body, 
but is afterwards ruptured as the latter grows, part remaining 
at the base of the stalk as the “sheath^* (annulus inferus), and 
pai"t on the pileus as scales or warts. In the “ Fly Mushroom ” 
(Amanita muscaria) the remains of the veil are especially con- 


body, and radiate from the central stalk. Those which are first 
formed extend from the edge of the pileus to the stalk; those 
formed later reach only a longer or shorter portion of this distance, 
according to their age. In structure the lamellae (Fig. 174) con- 
sist of a oentral mass of hyphae, the trama, continuous with the 
hyphm of the pileus; these terminate in a layer of shorter cells, 
the stibhymenial layer, immediately beneath the hymenium which 
is composed of basidia and paraphyses. In a few species, but not 
in the majority, the lamellee are branched, and in some they are 
decurrent. A few have the stalk placed excentricaliy, or it may 
be entirely absent. 


Fig. 172, — Development of Psalliota campestris: a, h, c, d show the various stages of 
the development of the fruit-bodies and the mycelium (m) (nat. size); e the fruit-body 
in a somewhat later stage, slightly magnified j / longitudinal section Qte;n first forma- 
tion of the hymenium ; g longitudinal section of a more advanced fruit-body (nat. size) j 
n the hymenium ; o velum partiale (see Fig. 133.) 
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spicuous as white patches on the bright red ground of the upper 
surface of the pileus, and as a sheath at the base of the stalk (Fig. 
1/8 Another veil — the velum partiale — a hjphal tissue (Figs, 
178 a; 173) stretches from the edge of the pileus to the stalk, and 
encloses tlie lamellae. This veil is ruptured as the pileus expands, 
a portion attached to the stalk remaining as the “ upper ring ’’ 
(annulus superus) (Figs. 173, 178 a), or a part attached to the 
pileus hanpng down as a fringe round its edge. — Some genera 
have no veil, the under side of the pileus being exposed from the 
first (gymnocarpic Agaricaceae). Those which have a veil (hemi- 
angiocarpicA,) afford a transition to the angiocarpic Grasteromycetes. 



Eig. 173.— The cultivated Mushroom (Psalliota cmnjjestris). 


The mycelium mostly grows in soils rich in humus or dung, on 
decaying trees and sinailar objects. Many species, e.g. Tncholoma 
personatum and Marasmius oreades, form tbe so-called “ fairy rings.” 
The frnit-bodies in these species are confined to a larger or smaller 
surface on -which they are very regularly arranged in a rino-. The 
reason for this is found in the radial growth of the mycelium, so 
hat the oldest portion, or the starting point, is found at the centre 
ot the ring, and the younger ones, on which the fruit-bodies are 
formed, at the circumference. The older hyphse gradually die, and 
at the same time, the radial growth continuing, the ring of fruit- 
bodies becomes larger and larger. The “ fairy-rings ” are marked 
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not onlj by tbe fruit-bodies, bat also by tbe more vigorous growtli 
and darker colour of tbe grass upon these spots* 

Some species are parasites. An example is presented by Armil" 
laria mellea, a remarkable and very destructive Fungus in woods and 
forests (Figs. 1/6, 177). in addition to the filamentous, white mycelium, it 
has also black, or black-brown, horny, root-like mycelium-strands (rhizomorpba) 
which were formerly 
considered to belong to 
a special genus of Fungi 
described under the 
name BMzomorpha.'^ 

The mycelium lives 
parasitically on the Con- 
ifers and other trees, 
forcing its hyphaj into 
the bark and between 
the bark and wood, and 
thence penetrating into 
the wood so that the 
tree is very severely at- 
tacked. It may also 
live saprophytically, and 
clusters of fruit-bodies 
are often found on old 
stumps and stems, on 
old timber, and in the 
rich soil of woods. The 
rhizomorpha, living un- 
derground, can extend 
for considerable dis- 
tances and infect the 
roots of neighbouring 
trees, and spreads in 
this way the diseases 
known as “ Harzsticken 
and “ Bark - Canker,’* 
which are very destruc- 
tive to young trees. 

Fig, 174. — Fsalliota campestris, A Tangential section of 
The chief charac- showing lamellae (O. B Portion of gill more highly 

. . ^ magnified; ttrama; ft-yhymenium with hasidia and basidio- 

tei'lstlCS by which spores; sli, sub-hymenial layer. C A portion of the same 
the numerous Srenera highly magnified; s' s'^ s'" s"'' various stages in the 

. ^ *' development of basidiospores; gparaphyses. 

are separated are 

the presence or the absence of the two kinds of veils, the nature 
of the fruit-body, the form, branching of the lamellae, and their 
position and relation with respect to the stem, the shape of the 
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About 4,600 species belonging to this order bave been described. 

On account of the large number of species the order is divided into several 
sections : 

1. Agaricinei ; fruit-body fleshy ; lamella membranous, knife-like, with 
sharp edge ; basidia crowded together. The following have white spoees 
Amanita (Fly Mushroom), with volva, and generally also the upper ring on the 
stalk; many are poisonous, such as A, muscaria (Fig, 178) which has bright 
redpileuswith white spots, At. paw t/icrina and A, plialloides ; A, cmarea is edible. 
\^Lepiota procera (Parasol Fungus) is one of the largest Mushrooms ; it has a 
scaly pileus and moveable ring (edible ). — Armitlaria mellea has been mentioned 
above (Figs, 176, 177). — Tricholoma, lamellss indented near the stalk; T. gam- 
hmum (Pomona Fungus) belongs to the best of edible Fungi ; T, penonatum 
oftea forms fairy riogs 
(see above). Clitocyhe^ 
lamella decurrent ; C. 
iiebularis is edible. — 

Fleurotiis, stalk ecceh- 
trio ; P. ostreatus (Oyster 
Mushroom) grows in 
clusters on tree-stems 
(edible) . — Collybia and 
Mycena, species numer- 
ous, small. Spoees 
EOSE-EED : Volvaria and 
Jlyporhodius, — Spoees 
Beown : CortinariuSf 
with cobweb -like veil ; 

PlwUota, membranous 
veil and ring ; P. squar- 
rosa in clusters on tree- 
stems ; P. 7nutabilis, on 
tree-stumps (edible). — 

Spoees Violet -pubple : 

IIijpholoina,Psalliota; to 
this section the common 
edible Mushroom (Fig. 

372-174) belongs, with annulus and chocolate -coloured lamellae ; it is cultivated 
for the sake of the fine flavour.— Spoees Black: Coprinarius, 

2. Marasmiei. Fruit-body tough, almost leathery, and persistent ; spores 
white. Marasmius oreades forms large, regular fairy-rings on pastures and 
commons ; it is used as seasoning in food . — Panm stipticus with eccentrically- 
placed stalk, in clusters on tree-stumps.— has the edge of the 
lamellae divided longitudinally, and the split portions, re volute . — Lentinus 
aSords a transition to Dcedalea among the PolyporacesB. 

3. Russulei. Fruit-body fleshy and fragile, in which two different systems 
of hyphffi may be distinguished ; spores thorny, white, or pale-yellow. Many are 
poisonous . — Russula has generally fragile and thick lamellae reaching from 
stalk to edge of pileus ; pileus frequently red . — Lactarius has white or yellow 
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milky juice, which often is very acid. L. deUcios'us has red-yellow milky j'tiice, 
and is of a pleasant flavour. L,.torminosus is poisonous. 

■4. Hygrophorei. Lamell£e thick and waxy, widely separated ; spores 
white. Many species of Hygrophorus have brightly-coloured pileus and grow 
among the grass on moors and commons. — Nyctalis is parasitic on larger Toad- 
stools. It is remarkable for its abundant formation of chlamydospores, whilst 
the basidiospores are little developed. • 

5. Coprinei. Fruit-bodies very soft, quickly perishable ; lamellie membran- 
ous and deliquescent. The basidia are separated from each other by para- 
pbyses. Coprinus has coal-black spores, grows on manure, and sometimes 
developes sclerotia. 

6. Paxillei. Fruit-body fleshy ; lamellse easily detached from the pileus and 
reticulately-joined near the stalk. They form a connecting link between the 
Agaricace^e and Boletus. 

7. Cantharellei. Lamellae reduced to dichotomously-divided folds, decur- 
rent on the stalk. Gantharellus ciharius (Fig. 175) is yolk-yellow, and grows on 
the ground in woods (edible). It is allied to Craterellus. 

Family 3. Phalloidese, 

The fruit-bodies before they are ripe are spherical or ovoid, and 
enclosed by a fleshy covering^ the peridium, which is perforated at 
maturity and remains as a sheath (Fig. 179) ; the fruit-bodies 
are hemiangiocarpic. 

Order 1. Phallaceae (Stink-horns), The peridium has a 
complicated structure and is composed of three layers, the in- 
termediate one being thick and gelatinous. The gleba (the tissue 
which bears the hymenium) is situated upon a peculiar receptacle 
which expands into a porous stalk and by its sudden distension, 
rupturing the peridium, elevates the gleba and hymenium above 
the peridium, which remains as a sheath. , The gleba becomes 
gelatinous and dissolves away as drops. To this order belong many 
peculiar and often brightly coloured forms, which are natives of 
the Southern Hemisphere. 

Phallus impudicus (Sfcink-horn) (Fig. 179), has a fruit-body which at first is 
white, heavy, and soft, and resembles a hen’s egg in shape and size. The peri- 
dium is divided into three layers (Fig. 179 e, g,f) of which the external and 
internal are membranous, and the middle one very thick and gelatinous ; each 
of these has again a laminated structure. The peridium when ruptured re- 
mains 'as a sheath (k) at the base of the stalk. The receptacle at first is 
strongly compressed (&). but afterwards expands into a long stalk (1) which 
bears the conical gleba {tti). Prior to the rupture of the peridium the gleba 
consists of a greenish mass {i) which, when exposed, emits a carrion-like stench 
serving to attract flies, by whose agency the spores are distributed. It is found 
commonly in hedgerows and in woods, growing on the ground. The much 
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smaller and less common P. caninus is found on rotten tree-stumps, — In 
Clathrus canoellatus tlie receptacle expands into a bright red, reticulate struc- 
ture. A native of the South of Europe. OoZits, Aseroe', Mitromyces, 

Order 2. Sphserobolacese. An intermediate layer of the peridiim swells 
when ripe, becomes convex, and ejects the remaining spherical portion of the 
fruit-hody which contains the spores. Sphcerobolus carpoholus has small, 
spherical fruit-bodies which open in the form of a star. 



.Fig. 179.— Phallus mpitdicws (Sfeink-horn), soraewhafc diminished. Fruit-bodies in all 
stages of development (&, c, d and h-m) are seen arising from a root-like mycelium (a) j d 
longitudinal sections through a fruit-body before the covering has ruptured* 

Family 4. Gasteromycetes, 

The fruit-body is angiocarpic^ flesby at first, and later generally 
more or less hard and continues closed after the spores are ripe* 
The tissue lying immediately inside the peridium is termed the 
gleba; it is porous, containing a larger or smaller number of 
chambers lined with the hymenium, which is either a continuous 
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layer of basidia or else ifc fills up tbe entire cavity. The basidia 
as a rule bear four spores^ sometimes eight {Geaster)^ or two 
(Hymenogaster), The tissue of the walls (trama) consists often 
(Lycoperdacece) of two kinds of hyphoB, some thin and rich in 
protoplasm, divided by transverse septa and bearing the basidia; 
others thicker and thick-walled which do not dissolve like the’ 
former on the ripening of the spores, but continue to grow and 
form a woolly, elastic mass, the capillitium, which may be regarded 
as highly developed paraphyses. The peridium may be either 
single or double, and presents many variations in its structure 
and dehiscence. The mycelium is generally a number of string- 
like strands, living in soils rich in humus,. 

Order 1. Tylostomaceae. Capillitium present. After the rupture of the 
peridium the remaining part of the fruit-body is elevated on a long stalk. 
Tylostoma mammosmiy on heaths. 

Order 2. Lycoperdaceae. The fruit-hody has a double 
peridium ; the external one at length breaks into fragments 
(Lycoperdon, Bovista)^ or it has a compound structure of several 
layers {Geaste'i') and detaches itself as a continuous envelope from 
the inner layer, which is membranous aud opens at its apex. 
The interior of the fruit-body consists either solely of the fertile 
glehsb (Bovista, Geaster), or, in addition, of a sterile tissue at the 
base {Ly coper don) , A capillitium is also present. 

Lycoperdon (Puff-ball) has a sterile part at the base of tbe fruit-body which 
often forms a thick stalk. The surface of the peridium is generally covered 

with warts or projections. When 
young this Fungus is edible, hut 
when ripe it is dry, and used for stop- 
ping the flow of blood. L. giganteum, 
which is often found growing in 
meadows, attains a considerable size, 
its diameter reaching as much as 
eighteen inches. L. gemmatim {Wig. 
180) is covered with pyramidal warts ; 
in woods. — Bovista has no sterile 
basal part ; the external peridium is 
smooth, and falls away in irregular 
patches.' ' B.. plumhea^ 'on-''',iinks:':..near,:' 
ihe''Sea,----0easter;, {Earth-star)v'has.;an^' 
external peridium composed of several 
layers, which when the fruit-body opens, split into several stellate segments* 
These segments are very hygroscopic, and in dry weather bend backwards and so 
raise the inner peridium into the air. The inner peridium contains the spores: 



Pig. 180. —Lycoperdon gemmatmi 
nat. size). 



BASIDIOMYCETES. 


175 


and eapillitia. G. coliformis has several apertures in the inner peridium. The 
other species have only one regular aperture at the apex. G. striatns has a 
pedicellate inner peridium, with conical, striped peristome. G. fomicatus has 
an external peridium split into four segments. This last and several other 
species produce “ mycorhiza ” on the roots of Conifers, 



Fig. 181. — I Mymenogasier c'drinvs (nat. size) ; .11 longitudinal section through H. tenev 
( X 5) ; III portion of a section of H. caloaporus ; g a chamber j h hymenium ; sp. spores; 
t trama (x 178) ; IV Rli%zopogon.luteolus (nat. size); V ScUrod^erma vulgare, VI section of V ; 
VII basidia with spores belonging to the same Fungus. 

Order B. Sclerodermatacese. Capillitium ■wanting. The 
peridium is simple and thick, gleba witli round, closed cham- 
bers, which are filled with basidia. 

Scleroderma has a corky peridium. The fruit-bodies commence their develop- 
ment under ground. S. vulgare (Fig. 181 V-YII), has a hard, slaty-black gleba. 
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Order 4. Nidulariaceas (Nest-Fungi). Small Fangi of 
•wliicli the fruit-body at first is spherical or cylindrical but upon 
maturity it becomes cupular or vase-like, and contains several 
lenticular peridiola ” lying like eggs in a nest. The peridiola 
are the chambers which contain the hymenium, covered by a thin 
layer of the gleba, all the remaining portion of the gleba becoming 
dissolved. On decaying wood, 

Nidulariah.B>^ spherical fruit-bodies containing a large number of lenticular 
peridiola, embedded in a slimy mass. — Crucihulum has fruit-bodies resembling 
crucibles with discoid peridiola, each with a spirally-twisted stalk. — Cyathus 
has a fruit-body, which when open is campanulate, with stratified peridium, 
and long-stalked, lense-shaped peridiola. 

Order 5. Hymenogastraceae* Fruit-bodies tubercular, 
globose and subterranean, resembling very closely the Trnffles, 
from which they can only be distinguished with certainty by 
microscopic means. The peridinm is simple, capillitium wanting, 
and the gleba encloses a system of labyrinthine passages covered 
wdth a continuous hymenium. The fruit-bodies persist for some 
time, and form a fiesby mass, the spores being only set free by 
the decay of the fruit-body, or when it is eaten by animals. The 
majority are South European. Eymenogaster, Melanogaster, 
Bhizojpog on (Fig. ISll-IV), 

Appendix to the Basidiomycetes ; 

Basidiolichenes (Liichen-forming Basidiomycetes). 

Several Fungi belonging to the Basidiomycetes have a symbiotic 
relationship with Algae exactly similar to that enjoyed by certain 
Ascomycetes, and these are therefore included under the term 
Lichens (p. 136). They are chiefly tropical. 

Order 1. Hymenolichenes. To this order belong some 
gymnoca-rpic forms: Cora, JDictyonema, Laudatea.^ 

Order 2. Gasterolichenes. To this belong some angiocarpic 
forms : Emericella^ Trichocoma. 

Appendix to the Fungi. 

Fungi imperfecti (Incompletely known Fungi). 

1. The Saccharomyces-forms are Fungi which are only 
known in their yeast-conidial form. They are conidia of higher 

i The two last genera are identical, the Algal part being a Scytonema, that of 
Cora a Chi'oococcus ; while the same Fungus— a Thelephora — takes part in the 
formation of all three (A, Moller, Flora, 1893), 
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which can multiplj to an unlimited extent by budding in 
nutritive solutions, and in this way maintain their definite size and 
shape. The budding takes place only at the ends of the conidia. 
The wall of the conidinm forms at one or at both ends a small wart- 
like ontgiowth, which gradually becomes larger, and is finally 
separated from its mother-cell as an independent cell, surrounded 
by a closed cell-w'all (Fig. 182 n, &). 



Under very favourable conditions multiplication oceui's so 
rapidly that the daughter-cells themselves commence to form 
bads, before they have separated from their mother-cell, with the 
result that pearl-like chains of cells are produced. When the 
yeast-cells have only limited nutriment, with an abundant supply 
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of air, at a suitable temperature, an endogenous formation of 
takes place. The protoplasm of the cells divides into 1-4 
(rarely a greater number) masses (Fig. 182 c, d, e) whieli surround 
themselves with a thick cell- wall, and in this state can with- 
stand adverse conditions and periods of dryness lasting for several 
months. 

The sporangia are not asci since they have no definite form, and 
a definite number, form and size of spores is not found. The 
spores in the different species and kinds occupy varying periods 
for their development, although exposed to the same temperature, 
a fact of importance in determining one from another. On 
germination the wall of the mother-cell is destroyed, and each 
spore gives rise to a new cell, multiplication taking place by 

budding (Fig. 182/). The majority 
of Yeast-Fungi are able to produce 
alcoholic fermentation in saccharine 
fluids. 

The most important of these 
Fungi is the Beer-yeast (Sacoharo- 
myces cerevisicB) with ovate, ellipsoidal 
or spherical cells (Fig. 182). It is 
a plant which has been cultivated 
from time immemorial, on account 
of its property of producing alco- 
holic fermentation in sugar-contain- 
ing extracts (wort), derived from 
germinating barley (malt). Car- 
bonic acid is also set free during this process. The surface- 
yeast ” (Fig, 182 a), which produces ordinary beer when the 
brewing takes place at higher temperatures, has cell-chains; 

“ sedimentary yeast ” (Fig. 182 6), used in the brewing of Bavarian 
beer, has spherical cells, solitary, or united in pairs. Both these 
and the following Yeast-Fungi include, according to Hansen, 
several species and kinds. 

Ihe Ferment of Wine ” (^Saccharomyces elUpsoidens') ’produces 
wine in the jaice of grapes. Uncultivated yeast-cells are always 
present on grapes ; an addition of this species to the “ must ” is 
not necessary to secure fermentation. A large number of other 
uncultivated yeast-cells appear in breweries mixed "with 
the cultivated ones, and cause different tastes to the beer (S. 
pastonanus, etc.); S. ludvdgii, toundi, for instance, on the slimy 


Fia. 183.— -SaccTiaromyces myoodcvma. 
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discharge from Oaks, produces abundant cell-chains on cultiva- 
tion. S. ajjiculatiis is very frequently met with on all kinds of 
s^veet fruits, it has orange-like cells. S* m-ycoderma has cylindri- 
cal cells, often united together in chains (Fig. 183) : it forms a 
whitish-gray mass (“fieur de vin ”) on wine, beer, fruit-juice, etc., 
standing in bottles uncorked or not entirely filled. It is thought 
that this Fungus causes decomposition and oxydises the fluid in 
which it is found, but it cannot produce alcoholic fermentation in 
saccharine liquids, and it does not form endospores ; hence it is 
uncertain whether it is true Saccharomyces, 

The “Dry-yeast’’ used in baking white bread is “surface- 


FiCx. ISi.— Oidhinihctis: a hranched hypha commonly met with; ha. hypba lying in 
milk and producing aerial liyphaj which give rise to oidia ; c a branch giving rise to 
oidia, the oldest (outermost) oidia are becoming- detached from one another; da chain 
of divided cells ; e germinating oidia in dillerent stages (slightly more magnified than the 
other figures). 

yeast.” In leaven, a kneaded mixture of meal, barm and water, 
which is used for the manufacture of black bread, Saccliavoinyces 
•minor is present, and a species allied to this piroduces alcoholic 
fermentation in dough with the evolution of carbonic acid, wdiich 
causes the dough to “rise.” 

2. Oidium-forms. Of many Fungi only the Oidium-forms 
are known, ^yhich multiply in endless series without employing 
any bigherform of reproduction. Oidimi lactis (Fig. 184) is an 
imperfectly developed form wducli frequently appears on sour 
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milk and cheese. It can produce a feeble alcoholic fermentation 
in saccharine liquids. Thrush or aphthse (0. appears as 

white spots in the mouths of children. Several similar Oidmm- 
forms are parasites on the skin and hair of human beings, and 
produce skin diseases, such as scurvy (0. schoenleinii) and ring- 
worm (0. tonsurans), 

3. Mycorhiza. These Fungi, which have been found on the 
roots of many trees and heath-plants, particularly Cupuliferse and 
Ericaceae, consist of septate hyphae, and belong partly to the 
Hymenomycetes, partly to the Gasteromycetes. It has been 
shown that the Mycorhiza enters into a symbiotic relationship 
with the roots of higher plants. 



DIVISION II. 


MUSGINE^ (MOSSES). 

In tills Division a well-marked alternation of generations is to be 
louiid. Ihe developinent of the first or sexual generation (gameto- 
wliicli bears the sexual organs, antheridia and archegonia, 
comineiices with the germination of the spore, and consists, in the 
Liverworts, of a thallus, but in the true Mosses of a filamentous 
protonema, from which the Moss-plant arises as a lateral bud. 
The second or asexual generation (sporophyte') , developed from the 
fertilised oospliere, consists of a sporangium and stalk. 

The sexual generation, the gametophyte. The protonema 
in the Liverworts is vei*j insignificant, and not always very sharply 
demarcated from the more highly developed parts of the nutritive 
system. In the true Mosses the protonema is well-developed, and 
consists of a branched, alga-like filament of cells, the dividing 
cell-walls being ahvays placed obliquely. In the parts exposed to 
the light it is gx’een, but colourless or brownish in those parts 
v^]lieh are underground (Fig. 186). The protonema is considered 
to be a lower form of the stem, and grows in the same manner 
by means of an apical cell ; at its apex it may directly develope 
into a leaf-bearing stem, or these arise from it as lateral branches 
(Fig. 186Z;)V 

Ihe more highly differentiated part of the vegetative system, 
the^ Moss-plant, which is thus developed from the protonema, 
IS in the ‘Hhalloid’' Liverworts generally a dichotomously- 
hianched thailns ■without any trace of leaf-structures (Fig. 
194) ; in Marchantia (Fig. 197) and others, scale-like leaves 
(ampMgastria) are found on the under surface. The higher 
Li verwmrts and the Leafy-Mosses are differentiated into a fila- 
mentous, ramified stem with distinct leaves arranged in a definite' 
manner, resembling the stem and leaves of the higher plants f Fia*s 
J86, 195, 200). ^ 

^ Formerly termed oophyte. 
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True roots are toanting, but ai'e biologically replaced by rliizoids. 
These are deyeloped on the stems or tliallus : in the Liverworts 
they are unicellular, but in the Leafy-Mosses generally multicel- 
lular and branched. In the latter gx'oup they are considered 
identical with the protonema, and may become true protonema, 
and new plants may be developed from them (Kg. 186 6), 

The internal structure of the sexual generation is very simple. 
The leaves in nearly all cases are formed of a single-layered plate 
of cells; in the Leafy-Mosses, however, a midrib is very often 



Fig. 186.— .4 Lower portion of a Moss-plant with rhizoids (q*)» one of which bears a 
reproductive bud (b). The dotted line indicates the surface of the ground ; the portions 
projecting above this become green protonema (p) ; b is a young Moss-plant formed on 
one of these. B Germatining spore of Fimaria ’hygrometrica^ with exospore still 
attached. C, I) Older stages of the protonema, 

formed, and sometimes, also, marginal veins ; and along these lines 
the leaves are sevei’al layers of cells in thickness. The stem is 
constructed of ceils longitudinally elongated, the external ones of 
which are narrower and sometimes have thicker walls than the 
more central ones. Vessels are not fonnd^ but in several Mosses 
there is in the centre of , the stem a conducting strand of narrow, 
longitudinal ceils,, vvhieh represents the vascular bundle in its first 
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stage of development. This strand contains elements for convey- 
ing water as well as sieve-tubes. Stomata are entirely wanting in 
the sexnal generation of the Leafy-Mosses ; they are found in a 
few Liverworts (llarcfiantia)^ but their structure' is not the same 
as in the higher plants. 

Vegetative reproi)UOTION takes place by gemmae or buds which 
arise on the protenema, the rliizoids, the thallus, or the shoots, and 
become detached from the mother- plant ; or else the protonema 
and the older parts of the plant simply die off, and their brandies 
thus become independent plants. This well-developed vegetative 
reproduction explains why so many Mosses grow gregariously. 
In certain Marchantiacese special cupules, in which gem mm are 
developed, are found on the surface of the thallus (Fig. 197 



Fig. 187.'— Mar cJianiia pohjmorpha : 
a mature antheridium. 

Again, protonema may also arise from the leaves, and thus the 
leaves may act as reproductive bodies. Certain Mosses nearly 
always reproduce vegetatively, and in these species the oospheres 
are seldom fertilised. 

The first generation bears the sexual obgajsts ; both kinds are 
found either on the same plant (monoecious), or on separate plants 
(dioecious). In the thalloid Liverworts they are often situated on 
the apex of small stems (gametophoreii)^ springing from the surface 
of the thallus. In the Leafy-Liverworts and true Mosses the leaves 
which enclose the sexual organs often assume a peculiar shape, and 
are arranged more closely than the other leaves to form the so-called 
Moss-fiower.” The male sexual organs are called antJieruUa. 
They are stalked, spheroid, club- or egg-shaped bodies whose 
walls are formed of one layer of cells (Fig. 187), enclosing amass 
of minute cubical cells, each one of which is a mother-cell of 



Fig. 188. — Spermafcozoids. 
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spermatozoid. The spermatozoids are self-motile ; they are 
slightly twisted, with two cilia placed anteriorly (Fig. 188), while 
posteriorly they are generally a trifle club-shaped, and often beai' 
at that part the remains of the cytoplasm, the , ^spermatozoid itself 
being formed from the nucleus. In the presence of water the ripe 
antheridinm bursts, and its contents are ejected; the spermato- 
zoids, being liberated from their mother-cells, swarm about in the 
w^ater in order to efect fertilisation. 

The female sexual organs are termed archegonia. They are flask- 
shaped bodies (Fig. 189), the lower, swollen ^ovtion {venter) having 


Fig. 189.'~‘Marchantia polyTuoryfha. A A young, and B a ripe archegonium with open 
neck. C An unripe sporangium enclosed by the arcbegonium a : st .the stal.k^ j / thC' wall 
of the sporangium. Elaters are seen between the rows of spores. ' ' ' 


a wall, in most cases from 1-2 cell^ thick,, enclosing the oosphere 
(Fig. 189 B, Ic) : the long neck is formed.. of tiers of 4-6 cells, 
enclosing a central row of cells — the nech- canal-cells (Fig. 189 A). 
When the archegonium is fully developed, the walls of the neck- 
canal-cells become mucilaginous and force open the neck of the 
archegonium. The mucilage thus escapes, and, remaining at the 
mouth of the archegonium, acts in a somewhat similar manner to 
the stigma and conducting tissue of a carpel, by catching and con- 
ducting the spermatozoids to the oosphere (Fig. 189 i?, m), witli 
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Fig. 191. — Andreosa rupestns. Transverse 
section through a ripe sporangium. In the 
middle is seen the four-sided columella, sur- 
rounded hy the numerous spores, drawn dia- 
grammaticaUy. Surrounding them is seen the 
wall of the sporangium, whose outer layer of 
cells is thickened and coloured. The layer of 
cells is unthickened in four places (x), indi- 
cating the position of the clefts (see Fig. 
193). 


wliose cell-nucleus they coalesce. With regard to the formation 
of the oosphere, it may further he remarked that the lower part of 
the archegonium originally encloses the so-called “ central cell 
hut shortly before the archegonium is ripe, this cuts off a small 

portion, the ventral- canal-cell^ which 
lies immediately beneath the neck, 
and the larger, lower portion be- 
comes the oosphere. 

The organs mentioned here, antheridia 
and archegonia, are present in the Crypto- 
gams (Pteridophyta) and the G-ymiio- 
sperms. They have always the same 
fundamental structure, but with slight 
modifications of detail. These plants are 
therefore known as the Arghegoniata. 

The fertilisation of the Mosses 
cannot be effected without w^ater. 
Rain and dew therefore play a 
very important part in this pro- 


Fig. WO.—Andrecea rnpestris. Longi- 
tudinal section through a sporangium 
at the time when the ‘‘mother-cells of 
the spores are. dividing: p pseudo- 
podium ; / foot j V vaginula ; h neck ; 
c columella ; uj wall of the sporan- 
gium j e external row of cells j s the 
spore-sac; t the spore-mother-cells ; 
r the calyptra with the neck of arche- 
gonium {z}. 


cess, and for this end various modifications of structure are found. 
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Among the sexual organs, paraphyses — filamentous or club- 
shaped bodies — are to be found. 

The asexual generation, the sporophyte (Moss-fruit or 
sporogonium). As the result of fertilisation the oosphere sur- 
rounds itself with a cell- wall, and then commences to divide in 
accordance with definite laws.^ The embryo (Fig. 189 G) pro- 
duced by these divisions remains inside the wall a-a of the arche- 
gonium (Figs. 190, 199 D, U), and developes into the sporogoiiium^ 
which remains attached to the mother- plant, often nourished by 
it, as if tbe two were one organism. The lower extremity of the 
sporogonium, the foot (Figs. 190/; 199 D), very often forces its 
way deep down into the tissue of the mother-plant, but without an 
actual union taking place. The central portion of the sporogonium 
becomes a shorter or longer stalk (seta), while the sporangium 
itself is developed at the summit. At a later jstage, during the 
formation of the spores, the sporangium very often assumes the 
form of a capsule^ and dehisces in several ways characteristic of the 
various genera (Figs, 192, 198, 194, 195, 200). The basal portion 
of the archegonium grows for a longer or shorter period, forming 
a sheath, the calyptra, in which the capsule is developed, hut 
eventually it ceases to enlarge, and is then ruptured in different 
^'ays, but quite characteristically, in each group. Anatomically, 
the asexual generation is often more highly differentiated than the 
sexual ; thus, for instance, stomata are present on the sporangia 
of the true Mosses, but are absent in the sexual generation. 

As the capsule developes, an external layer of cells — the amphi- 
thecium — and an internal mass — the endothecium — are differ- 
entiated. As a rule the fo^er becomes the wall of the capsule 
while the latter gives rise to the spores. In this Division, as in 
the Pteridophyta, the natne arckesporimn (Fig. 390 t) is given to 
the group of cells inside the sporangium which gives rise to the 
mother-cells of the spores. The archesporium is in general a 
unicellular layer ; in Sphagnum and Anthoceros it is derived from 
the most internal layer of the amphitheeium, hut with these ex- 
ceptions it arises from the endothecium, usually from its most 
external layer. In the true Mosses and in Biccia only spore- 
mother-cells are produced from the archesporium, but in the 

^ The oospore divides by a wall transverse or oblique to the longer axis of 
the archegonium. , Prom the upper (epibasai) cell, the capsule (and seta) is 
derived, while the lower (hypobasal) gives rise to ihe/oo£. In. Riccia the hypo- 
basai half takes part in the formation of the sporangium. 
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majority of tlie Liverworts some of tliese cells are sterile and 
become elaters (cells with spirally thickened walls, Figs. 196, 189), 
or serve as “ nnrse-cells for the spore-mother-cells, which gradu- 
ally absorb the nutriment which has been accumulated in them. 
In Anihoceros^ and almost all the Leafy-Mosses, a certain mass of 
cells in the centre of the sporangium (derived from the endo- 
thecium) does not take 
part in the formation 
of the ai’chesporium, 
but forms the so called 
“column” or “colum- 
ella” (Figs. 190, 191). 

The spores arise in 
tetrads, i.e, four in each 
mother-cell, and are 
arranged at the corners 
of a tetrahedron, each 
tetrahedron assuming 
the form of a sphere or 
a triangular pyramid. 

The mature spore is a 
nucleated mass of pro- 
toplasm, with stai’ch or 
oil as reserve material. 

The wall is divided into 
two layers: the exter- 
nal coat (exospore) 

•which is cuticularized 
and in most cases 
coloured (brown, yel- 
lowish), and the internal 
coat (endospore), which 
is colourless and not 
cuticularized. On ger- 
mination the exospore 
is thrown oif, the endo- 
spore protrudes, and 
cell- division commences 
and continues with the growth of the protonema (Fig. 186, B~D), 

The morpliologicai explanation which Celakovsky has given of the sporo- 
gonium, and which is not at all improbable, is, that it , is homologous with 
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Fig. 1^3.— Andrem peiro- 
phila. An empty capsule ; 
the calyptra has fallen off. 
(Mag. 25 times.) 


Fig. 192.’— Andreaea petropMla. A ripe sporogoniuni ; 
a an archegonium which has been raised vvith the 
pseudopodium j p the foot ; 6 the neck ; d~e the dark- 
coloured portion of the sporangium, whose outer cell- 
walls are considerably thickened ; c~c the thin-walled 
portions where the dehiscence occurs ; o the lower ex- 
tremity of the spore-sac ; / calyptra; g the apex of 
the sporangium. (Hag. 25 times.) 
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an embryo consisting of a very small stem -portion and a terminal spoxe-pro- 
ducing leaf. This will be further. explained in the introduction to the Flower- 
ing-plants (p. 236). 

In the Liverworts the young sporogonium lives like a parasite, 
being nourished by the sexual generation (only in Anihocems has it 
a slight power of assimilation). In the Leafy-Mosses, on the other 
hand, with regard to the power of assimilation, all transitions 
are found from abundant assimilation (Funariay Physcomitrium) 
to almost complete “ parasitism ” (Sjphagnum, Andrecea). In the 
majority of the operculate Mosses the sporogonium has a inore 
or less perfect system of assimilation, and is able itself to form a 
large portion of the material necessary for the development of the 
spores, so that it chiefly receives from the sexual generation the 
inorganic substances which must be obtained from the soil. The 
more highly developed the assimilative system of the sporogonium, 
the more stomata are present. 

Aposport. In some operculate Mosses it has been possible to obtain a pro- 
tonema with small Moss-plants from the seta, when severed from its Moss- 
plant, and grown on damp sand. 

The Mosses are the lowest plants which are provided with stem 
and leaf. They are assigned a lower place when compared with 
the higher Cryptogams, partly because there are still found within 
the Division so many forms with a mere thalius, parth^ because 
typical roots are wanting and the anatomical structure is so ex- 
tremely simple, and partly also because of the relation between 
the two generations. The highest Mosses terminate the Division, 
the Muscinese and Pteridophyta having had a common origin in 
the Algge-like Thallophyta. 

They are divided into two classes : — 

HsPATiCiE, or Liverworts. 

Muscr FROKBOSi. True Mosses or Leafy-Mosses. 

Class 1. Hepaticae (Liverworts), 

The protonema is only slightly developed. The remaining part 
of the vegetative body is either a prostrate, often dichotomously- 
branched thalius, pressed to the substratum (thalloid Liverworts), 
with or without scales on the under side (Figs. 194, 197) ; or a 
thin, prostrate, creeping stem, with distinctly- developed leaves, 
which are borne in two or three rows (Figs. 195, 198), viz., two on 
the upper and, in most cases, one on the under side. The leaves 
situated on the ventral side (amphigastria) are differently shaped 
from the others (Fig, 198 and are sometimes entirely absent. 
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In contradistinction to the Leafy-Mosses, stress must be laid on 
the tvell-marhed dorsiventraUty of the vegetative organs ; i,e. the 
very distinct contrast between the dorsal side exposed to the light 
and the ventral side turned to the ground. Veins are never found 
in the ' leaves. 

The ve7itral part of the a^xhegonium (calyptra) continues to grow 
for some time, and encloses the growing embryo, but wdien the 
spores are ripe it is finally ruptured by the sporangium, and re- 
mains situated like a sheath (vagimda) around its base. The 
sporangium opens, longitudinally, by valves or teeth (Fig. 194, 195, 
197 5), very rarely by a lid, or sometimes not at all. A colu^nella 
is wantmg (except in Anthoceros, Fig. 194) ; but on the other hand, 
a few of the cells lying bet-ween the spores are developed into 



Fig, 195 . — FlagiocMla asylenioides : a unripe, and h an open capsule; p involucre. The 
ventral edge of each leaf is higher than its dorsal edge, and covered hy the dorsal edge of 
the next one. 


elaters (Fig. 196), {,6, spindle-shaped cells with spirally-twisted 
thickenings, which are hygroscopic, and thus serve to distribute 
the spores. (They are seen in Fig. 189 (7, not yet fully developed, 
as long cells radiating from the base of the sporangium. They 
are wanting in JSfrcfu)., 

Bound the entire arciiegoniuia, (or group of archegonia, when several are 
developed on the same receptacle) a sheath — the involucre — is often formed, 
which persists, and encloses the base of the stalk of the sporangium, together 
with the sheath of the archegonium (Fig. 195 p). In the Marchantiaceas each 
archegonium is enclosed in a loose investment, the perigynium, which is 
developed as an ou tgrowth from the cells of its stalk. 
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The majority of the Liverworts are found in damp and shady 
places, pressed to the substratum ; a few are found floating in 
fresh water. 


Family 1. Marchantiese, 

This embraces only forms with a thalius, which is more or less 
distinctly dichotomously branched, in some, one or two rows of 
thin leaves are situated on its under surface. On the upper 
surface of the thalius are found large air-chambers. 

Order 1. Ricciacese. The sporogonia are, with the excep- 
tion of a few genera, situated singly on the surface of the thalius, 
and consist only of a capsule without foot or stalk. They alwayvS 
remain enclosed by the wall of the archegonium (calyptra), and open 




8-10 double rows. C Male plant, with a young and an older antheridiophore. B 
Antheridiophore halved vertically to show the antheridia (U ) ; m the aperture of the 
pits in which they are sunk— the older ones to the left, the younger to the right. 

only by its dissolution. Eiaters are not developed. Some genera 
are found floating like Duckweed. — Riccia glaitcco grows on damp 
clay soil. R, Jluitans and R, natans float in stagnant watei’s. 

Order 2 , Corsiniacese. native). Intermediate forms between tbe 

preceding and the following order. In internal and external structure mainly 
resembling the Marchantiaceee. Cordnia ; Bosehia. 

Order 3. Marchantiaceas, are large, fleshy forms. The 
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surface of tlie thalhis is divided into small rhombic areas, in the 
centime of each of which is found a large, peculiarly constructed 
stoma (Fig. 197 A) ; beneath each of these a large air-cavity is to 
be found. From the floor of the air-cavity a number of alga- 
like ceils project into it; these contain chlorophyll and are 
therefore the assimilating cells. The antheridia and archegonia 
are each found aggregated on specially formed branches (some- 
what resembling Mushrooms) projecting from the surface of the 
thallus. The antheridia are developed on the upper surface (Fig. 
197 0, D) and the archegonia on the lower (Fig. 197 A, B)^ near 
the centrally-placed stalk. 

Mar chantia poly morplia is dioecious (Fig. 197), and very common 
on damp places. Lunularia (South Europe), frequently found 
on flower-pots in conservatories ; Preissia, Fegatella, EebouUa, 
Targionia, 

Family 2. Anthocerotese. 

These have an entirely leafless, fleshy, flat, and irregularly. shaped thallus. 
In its intercellular chambers Nostoc-colonies are often found, which have forced 
their way through the stomata situated on the under side. The antheridia and 
archegonia arise from the cells lying inside the thallus. The capsule resembles 
a long, thin pod ; it has two valves and a columella. AntJwceros (A. Ice o is, 
Fig, 194, andpmciaizzs). 

Family 3. Jungermannie^. 

Some forms in this family have a thallus in which leaf-iike 
structures are found (Blasia), while in 
others (e.g, Metzgeria, Pellia, Aneura) they 
are entirely absent. The majority, liow- 
ever, have round, thick stems, bearing 
dorsally two rows of leaves, and one row 
ventrally. Some of these have the leaves 
“underlying” (Fig. 195), while in others 
(Fig. 198) they are “overlying.” (See Figs. 

195, 198, with explanation). 

The sporangia are spherical, stalked, and 
situated singly on the apex of the branches, 
and open by four valves (in Sphcerocarpus 
they are indeliiscent) . 

All the species in this family were 
formerly reckoned as belonging to one 
genus, Jungermannia^ but now. they are 
divided into several, arranged as follows : — 



Fig. 198.— Fru?2a}ita di?.a- 
tata. Portion of a branch 
seen from the under side ; 
r and b are the anterior and 
posterior edf^es of the same 
dorsal leaf; a ventral leaves 
(amphigastria). The dorsal 
leaves are “ overlying/* i.o. 
the anterior edge of the 
leaf overlaps tie posterior 
edge of the preceding one. 
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L Anacrogy^J'^. The archegonia are situated on the upper ' 
side of the thallus or stem, placed laterally, and coyered by an 
“ involucre,” formed by the calyptra together with the tissue of 
the stem or thallus. 

a. Akelaterej]. Without any elaters : Sphcerocarpus, Biella. 

h* Elatereji. a. Thalloid : Aneura pinguis, in damp situations ; 
Metzgeria furcata, on trees; FelUa epiphylla, in damp situations; 
Blasia pusilla, on damp cday soil, in the shade (scales are present 
on the thallus). /3, Eoliose and ot dorsi ventral : Maplomitrium 
liooheri. 

II. Acrogynj). The apex of the stem or of certain branches is 
adapted for the formation of female shoots. The archegonia are 
most frequently aggregated on the apex of the shoots, and are 
encircled by their leaves (perichsetium). Between these and the 
archegonia, enclosing the latter, a peculiar cup-shaped organ (the 
involucre) is formed. This group only includes leaf-bearing 
genera : Frullania, Badula, Madotheca, Ftilidium, Calypogeia, 
Lepidozia, Mastigohryum, Lophocolea, Jungermannia, Scapania, 
Plagiochila, 

Class 2. Musci frondosi or veri (True Mosses). 

In this class the protonema is well developed, and resembles a 
branched filamentous Alga, from which it can be easily distin- 
guished by its oblique septa (in Sphagnum it is a cellular expan- 
sion). The Moss-plaut, which is developed directly from the 
protonema, generally has an erect, thick, cylindrical stem similarly 
constructed on all sides. The leaves are arranged spirally, the 
most frequent divergence being or f (Eig. 200 A). A midrib is 
often present and also marginal veins formed by longitudinally 
elongated cells ; at these veins the leaf is more than one layer in 
thickness. In Leucobryum the leaves are generally constructed 
of more than one layer. 

The stem grows by means of a three-sided, pyramidal, apical cell 
which gives rise to three rows of segments, each segment forming 
a leaf. The lateral branches arise from the lower portions of the 
segments, the upper portion of which does not take any part in the 
construction of the leaf, Erom their mode of origin the branches 
are not axillary, and differ in this respect from the Flowering- 
plants. 

The ventral portion of the archegonium is very early ru|)tured 
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at its base bj tlie growing sporogonium, upon vvhiek it remains, and 
it is tlms raised into the air, forming a hood,” the caljptra 
(Figs. 192; 200 B). In the Sphagnacese the hood is not present; 
in this order, as in the Liverworts, the archegonium remains at the 
base of the sporogonium. The sporangium opens bj cireumsessile 
dehiscence ; the upper portion (operculum') being separated along 
a specially constructed ring of cells, and falls off like a ^Uid ” 
(Bhg. 200). Only in a few forms (families 2 and 3) does any vari- 
ation of this take place. Elaters are never found, but (with the 
exception of Arcliidium) there is always present in the sporangium 
a central mass of cells, the columella^ which take no part in the 
formation of the spores. The columella, in some, does not reach 
quite to the operculum and in these cases the spore-sac is bell- 
shaped and covers the columella (Andrecea^ Fig. 190 ; Sphagnum^ 
Fig. 199 L) ; but in the majority of Mosses the columella extends 
to the lid, so that the space containing the spores becomes a 
hollow cylinder. 

The sporangium is generally raised on a long stalk ; in the great 
majority this stalk is formed from the lower half of the oospore 
and belongs to the asexual generation — it is then known as the 
seta. In Andreoea and Sphagnum the seta is very short, and the 
sporangia are raised upon a long stalk (pseudopodium) developed 
from the summit of the sexual generation (Figs. 190, 192). In 
the latter figure an archegonium (u) is seen attached to the 
pseudopodium, having been carried up with this during the course 
of its development. The summit of the pseudopodium is enlarged 
to embrace the foot of the sporogonium (Figs. 192, 199 ) 

A. The sporangium is su|)ported on a pseudopodium; the columella does 
not extend to the operculum. 

Family 1. Sphagneae (Bog-Mosses), 

The protonema has been already described. The stem is 
regularly branched owing to the fact that a branch, or collection of 
branches, arises at every fourth leaf. These branches az‘e closely 
covered wdth leaves, some are erect, while others hang down and 
suiTound the stem. No rliizoids are developed. These Mosses are 
of a whitish-green colour, and when 'water is present are ahvays 
saturated with it like a sponge, the reason for this being found in 
the construction of the stem and leaves. The stezns are covered 
by an external layer of large clear cells, without chlorophyll, but 
with annular or spiral thickenings on the walls, ’^vhich are also 
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pex'forated hj large holes. Bj means of capillary attraction, water 
is thus raised to the summit of the stem. Similarly constructed 
cells are also found in the leaves, but they are surrounded by a net 
of very narrow, chlorophyll-containing cells (Fig. 199 F), whose 
colour is thus to a great extent lost amongst those which are 



Fig. 199.— Sphagnum acutifolium.—A The upper portion of a plant : a branches with 
antheridia j ch branches with terminal arohegonia and perichsetia j h the npper stem- 
leaves. B A male branch whose leaves are partly taken oft' in order to show the 
antheridia. G Group of three arohegonia : the central one (a) is formed from the apical 
cell. D Sporogonium in longitudinal section : the broad foot (sg') is sunk in the vaginula, 
V ; c calyptraj ar neck of the arohegonium ; 2 )s pseudopodium. B ripe sporangium with 
operculum, and the remains of the archegonium situated on the pseudopodium which is 
still surrounded by the perichsetium ; to the left is a barren branch. F Portion of a 
foliage-leaf seen from above : I perforations ; b chlorophyll-containing cells ; $ spiral 
thickenings. 

colourless. This anatomical structure is an essential condition for 
the formation of peat. The Bog-Mosses grow by preference on 
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moors, wliicli tliej coTer with a thick carpet saturated with water. 
The lower extremities of the plants perish very rapidly, and, 
gradually become converted into peat, and the branches thus 
.separated from each other become independent plants. The 
sporangia (Fig. 199 D, E) are spherical, but with a very short 
stalk. They open by a ltd, but have no anmdm. Tlie archegonmm 
(Fig. 199 C) persists at the base of the sporogouium as in the 
Liverworts. Only one genus, 

Family ‘2. Schizocarpese. 

The Mo.?ses which constitute this family are of a browmisli-biack colour and 
are foimd living on rocks. The sporangium resembles that of the - Liverworts 
ioasmuch as it opens by four valves, but these continue attached to each other at 
the apex as well as at the base (Fig. 193). — There is only one genus : Andrema. 

B. The stalk is formed from the lower portion of the sporogonium. The 
columella is continued to the summit of the sporangium and united with it 
(Archidium has no columella.) 

Family 3. Cleistocarpeas. 

The fruit does not dehisce in the regular way, but the spores are liberated by 
decay. They are small Mosses which remain in connection with their protonema 
until the sporangium is mature. The archegonium remains sessile at the base 
of the short capsule-stalk, and is not raised into the air (compare Hepaticae). — 
Fhasciim, Ephememnif Archidiiim^ Pleuridium, 

Family 4. Stegocarpeae. 

To this belong the majority of the Mosses, about 3,000 species. 

The capsule opens as in Sphagnum hj means of a lid (operculum)^ 
which is often prolonged into a beak. Round the mouth of the 
opened capsule, a number of peculiar yellow or red teeth are to be 
found. The.se constitute the (penVfome ; their number is four, or a 
multiple of four (8, 16, 32 or 64). The form and thickenings 
of these teeth are widely different, and on this account are used by 
Sjstematists for the purposes of classification. In some Mosses 
(Fig. 200 G, D) there is a double row of teeth. Except in 
Teimplus they are not formed from entire cells, but from the 
strongly thickened portions of the ivall of certain layers of cells 
belonging to the lid, and persist ' when this falls off*. They are 
strongly hygroscopic, and assist greatly in : the ejection of the lid, 
in which operation they are considerably aided by a ring of elastic 
cells with thickened walls, situated in the wall of the lid near the 
base of the teeth. This ring is known as the anmihis. The arclie- 
gouimn is raised into the air like a hood, the calyptra, which 
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either covers the sporaiigiura on all sides (having the shape of a 
bell), 01 " is split on one side (Fig. 200 B, K). 

Among peculiar forms may be , mentioned : Splachnum, which is especially 
remarkable for the collar-like expansion at the base of the capsule. Fissidens 

deviates in having a flat stem and leaves 
arranged in two rows. The leaves are 
boat- shaped and half embrace the stem. 

Schistostega has two kinds of stems. 
The barren ones resemble Fern-leaves ; 
they have two rows of leaves, which are 
attached together vertically, are decur- 
rent, and coalesce at their bases. The 
fertile ones have an ordinary appearance. 
— Tetraphis : the peristome is composed 
of four teeth, which are formed from entire 
cells. T. pellucida has peculiar gemmae. 

The family is divided into two 
groups : the Musci acrocarpi, the 
growth of whose main axis is 
limited and terminated by the 
formation of the sexual organs; 
and the Musci pleurocarpi, whose 
sporogonia are situated on special 
lateral shoots, while the growth of 
the main axis is unlimited. 



Fig. 200. — A Hyptium populeum, B 
and C Sporangia, with hood (h), and 
operculum (1% and without these (C), 
showing the peristome (p). B The 
mouth of the capsule of Fontinalis anti- 
pyretica. 


A. Acrocarpi. 

Order 1. Weisiaceas. Peristome, 
with 16 teeth arranged in one series, rarely 
wanting. Leaf with midrib. Campylopus, 
in forests), Dicranella^ Cynodontium . — 


Dicranum (D. scoparium^ common 
Weisia^ Gymnostomum (no peristome), Systegium. 

Order 2. Leucobryacese. Peristome with 16 teeth. Leaves with three or 
more layers of cells, of which the external ones are air-conducting and per- 
forated (as in the Sphagnete), the middle one containing chlorophyll. Leuco- 
hryunu 

Order 3. Fissidentacese. Peristome as in the preceding ones. The 
leaves are arranged in two rows on the plagiotropic shoots ; in Fissidens the 
midrib of the leaf bears wing-shaped outgrowths. Cunomitrium, Fissidens, 

Order 4. Seligeriacese. Peristome with 16 undivided teeth. Very small 
Eoek-mosses. Seligeria, — Blindia, 

Order 5. Pottiacese. Peristome with 16 teeth, which are divided almost 
to the base, or with 32 teeth. Calyptra hood-like. — Barhula (B, muralls, B. 
raralis), Triclwstomum, Zeptotrichum.^ Ceratodon pnrpufeus, — Distichium , — 
Pottia, 
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Orders. Grimmiaceae. Tlie leaf-cells . are often papillose ; in tlie tipper 
portion of the leaf, small, and of roundish shape. The caljptra is most 
frequently iiood-lihe or conical. Hiwalypta. — Orthotrichum, often '.with sliort- 
staiked capsule, is found on trees. — Coscinodon. — Hedwigla, — Grimnda, Edcond- 

fri u m . — Cin cUdotMs . 

Order 7. Schistostegace®. The stems are of two, kinds (see ahove) ; 
Scidstostega (wnundacea, in caves, has a bright emerald protonema. 

Order S, Spiachnacese. The capsule has a large, collar-like neck (see 
above). Spliiehnum (espeei.aliy on manure). 

Order 9. Funariacese. Capsule pear-shaped. Funarm (F. hpgrometrica has 
a very hygroscopic seta, becoming twisted when d,ry, and straightening' with 
moisture) ; Fiigseovdiriiim ; Dkcelimti. 

Order 10. Bryacese. The capsule is thicker towards the apex ; most 
frequently pendulous. Pkilonotu, Bartramia. — Aulaeomnium. — Paludella 
3£eesea. — Mnium. — Bryum, Webera, Leptohrtjum, 

Order 11. Polytrichaceae. Single peristome, formed by 16, 32, or 64 teeth. 
Leaves with longitudinal lamelhe on upper surface. — Polytrichim has long, 
hairy calyptra. Caiharinm (C. muiulata, in forests). 

Order 12. Georgiacem. Peristome with 4 teeth (see above). Tetraphis 
{T. peUiwida has gerniine). 

Order 13. Buxbaumiaceae. Capsule asymmetrical; double peristome: 
the interior one conical, with 16 or 32 longitudinal folds. — Biixbaumia (B. 

iiphylki) ; Diphtjscium. 

B. Pleurocarpi. 

Order 14. Fontinalaceae. Long, floating Water-Mosses. FoniinaUs {F. 
foitipyrilica is found in streams). Dickelyma. 

Order 13. Hookeriacem. P ter ygophy limn. 

Order 16. Leskeaceas. Ball-looking Mosses, with papillose or warted 
leaves. — Thiddium, Thujadike with regularly arranged 1--3 doubly pinnate 
stmis; Anomodon, Leshea, 

Order 17. Pterogoniaceae. Pterigynandrxm Jiliforme, etc. 

Order 18. Fabroniacem. Anaeamptodon. 

Order 19. Neckeraceae. Stems most frequently with flat, leafy branehes. 
The leaves are smooth, never with longitudinal folds.— “iYeckcra;. 

Order 20. Hypnaceae. The leaves are smooth with square, often bladder- 
like, cells at the edge. Bylocomium (U. spUmlens^ H. triquetrum); Hypmim; 
Brachythi-idim ; Plagiotheciim, — EurhyncMum.-—HQmalotheciuin, Isotlmium, 
Ortludheciiim, Homalia, — CUmaeiiim, Leseurcea, Leiieodon. 

The Mosses occur all over the globe. Many are found in great numbers, and 
growing thickly massed together, they form an important feature in landscapes 
(Cor example Sphagnmn and Pohjtrickim in the Arctic Tundra). In the Northern 
and Arctic regions the Mosses are very .plentiful, and,, often form a considerable 
part of tbe vegetation, while in the Tropics they are insignificant. 

Species of Eyptmm and Polytrichum^ like Sphagnum^ play an important part 
in the lormatioii of peat. . 
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PTERIDOPHYTA (VASCULAR 
CRYPTOGAMS). 

The alternation of generations is as distinct in this Division as 
in the Mosses, but the sexual generation consists of only a small 
thallus, the prothallium, which bears directly the sexual organs, 
antheridia and archegonia-^ and the asexual generation, which 
arises from the fertilisation of the oosphere, is no longer a single 
short-lived sporangium, but a highly developed, generally per- 
ennial, plant provided with stem, leaves and true roots (Ferns, 
Horsetails, etc.), the sporangia being borne on the leaves. In this 
latter generation the tissues are di:fferentiated into epidermis, 
ground tissue and vascular tissue ; in the last named the bundles 
are closed, and in the majority of cases concentric. 

The sexual generation, gametophyte, or prothallium, is 
always a thalkcs, although not always green and leaf-like (Figs. 
205, 215, 222, 229, 235, etc.) It is very small, even in cases where 
it attains the greatest development, and consists only of paren- 
chymatous cells. The prothallium is nourished by hair-like roots 
(I’hizoids) and has only a transitory existence, dying soon after the 
fertilisation of its oosphere. 

The ANTHERIDIA exhibit great variations in structure which, 
however, must be considered as modifications of the fundamental 
type which is found in the Mosses. These modifications will be 
mentioned under the various families. The s]permatozoids are 
always spirally-coiled, self -motile, protoplasmic bodies, with most 
frequently a large number of fine cilia on the anterior end (Figs. 
206, 223, 234). They are formed principally from the nucleus of the 
mother-cell, and portions of the cytoplasm often remain for a 
time attached to their posterior end. 

The ARCHEGONIA are more uniform throughout the entire 
Division, and more closely resemble those of the Mosses. They 
are, as in the previous Division, principally flask-shaped ; but the 
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the lower one, after the separation of the ventral canal-cell, becom- 
ing- the ooitphere, and the upper one the neck-canal-cell (c, in 2 and 3). 

As in the Mosses, the divisional walls of the neck-canal-cells 
become mucilaginous, causing the rupture of the neck of the 
archegonium. Fertilisation takes place as in the Mosses, and the 
passage of the spermatozoids, along the neck, to the oosphere, 
has been observed. Water (rain or dew) is similarly necessary for 
the movements of the spermatozoids, and hence for fertilisation. 
The other classes of the Division cbiedy deviate fi‘om the Ferns 
in having the archegonium sunk deeper into the protlialliura, and 
the neck reduced in length (compare Fig. 201 with Figs. 216, 222, 
235, 236). 
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<*entral poi-tion, which enclo.ses the oosphere, is always embedded 
in the tivssue oi: the protliallium, so that the neck, which is £o!*med 
of 4 rows of cells, projects above the surface (Figs. 201 A 222 h). 
The development of tlie archegonium in a Fern is seen in the 
accorapan ji ng figure (Fig. 201). The archegonium is developed from 
a surface cell, which divides into three cells by two walls in 
a direction parallel to the surface of tlie prothailium (Fig. 201). 
The most inteimal cell becomes the ventral portion of the arche- 
gonium. The external one (6) divides perpendicularly to the sur- 
face of the protliallium into four cells, which again divide parallel 
to the surface and form the neck (5, in 2 and 3). The interme- 
diate cell proje<tts upwards into the neck and divides into two, 
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According to the nature of the spores, the three classes of 
the Yascnlar Cryptogams are each divided into isosporous and 
heterosporous groups. 

I. The isosporous Vascular Cryptogams have only one hind 
of spore. The prothallium developed from this is in some cases 
monoecious, bearing both antberidia and archegonia; but in others 
there is a distinct tendency for each prothallium to bear only 
antberidia or archegonia (dioecious) — true Ferns and Lycopodium. 

In Equisetum there is only one kind of spore, but two kinds of 
prothallia are developed, one of which bears only antberidia 
(male), the other only archegonia (female) ; but the one that 
bears antberidia may be transformed into the one that bears 
archegonia and vice versa. 

II. In the higher group, heterosporous Vascular Cryptogams 
{Selagimlla and Isoetes, etc.), there are two distinct kinds of 
spores, the small, microspores, and the lai'ge, macrospores. Tbe 
microspores are male, and produce prothallia which bear only 
antberidia. Tbe macrospores are female, and produce prothallia 
which bear only archegonia. 

Corresponding to this difference in the spores, there is also 
found a difference in tlie development of the prothallium. In the 
Isosporese the prothallium is large, and either green, leaf-like, and 
provided with rhizoids (most of the Ferns, Horsetails, etc.), or 
subterranean, pale-coloured, and globular (Ophioglossum, Lycopo- 
dium). It lives vegetatively for a fairly long time, and generally 
produces a large and varying number of archegonia and an- 
theridia. The prothallium in the Heterosporeas is gradually more 
and more reduced, its independent and vegetative life becomes of 
less and less importance, it becomes more dependent on the mother- 
plant, and projects from the spore very slightly, or not at all. 
The antberidia and archegonia become reduced in number to one, 
and also degenerate in point of development. 

It may here be remarked that the gradual development of the 
asexual generation, the development of the two kinds of spores, 
and the progressive redaction of the prothallium and sexual 
organs which is found in this Division, is continued to the Gymno- 
sperms and Angiosperms. The microspores are in these called 
pollen-grains, and the male prothallium is very rudimentary. 
The macrospores are termed embryo-sacs, and the female prothal- 
lium, the endosperm. 

The asexual generation/sporophyte. When the oosphere, 
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wliicli in this case as in all others is a primordial celij is fer- 
tilised, it surrounds itself with a celi-wall and commences to divide 
into a 'number of cells, to form the embryo. 

Tbe first dividing wall (basal wall) is nearly horizontal, and in the direction ot 
the longitudinal axis of the archegonium. The next wall is vertical, aird the 
next perpendicular to the other two. The oosphere, therefore, is now divided 
into eight octants by these three walls. The basal wall divides the embryo Into 
a hypobasal and an eplbasal half. From the first one, by continued divisions, 
the thst root is developed from the latter, the stem and leaves. .x4.fter the for- 
mation of the octants the development proceeds in somewhat different ways in 
the various classes. In addition to the stem, leaf, and - root, a “ foot ” is deve- 
loped from the hypobasal half wliich remains enclosed in the prothallium, and 
conveys nourishment from the prothallium to tbe young plant until it is able 
to sustain itself (Fig. 202), The formation of these members in the embryo 
depends on the position of the oosphere in the archegonium and pro thallium, 
and is independent of gravity. 



Fig. 202.—’Adunitum capillns veneris. Vertical section through a prothailium iff), 
with a young plant attached on its under side (mag. about 10 times) ; r tbe first root, and 
h the first leaf of tlie .young Pern-plant; m the foot. In the angle between to and h lies the 
apex of the stem : h the rhizoids of the prothailium ; oj os unfertilised archegonia. 

In the ]\rosses the asexual generation is the spoi-ogonium, which 
is limited in its development and in a great measure dependent 
upon the sexual generation, upon which it is situated ; but in the 
Fteridophyta this generation is an independent and highly developed 
plant, provided with stem, leaf, and true roots, and has in many 
instances an unlimited development. The Fteridophyta are the 
lowest Division with tnie roots. The root which is first formed is 
vexy simihu* in nature to the primary root of the Monocotyledons ; 
it very soon dies and is replaced by others which are more per- 
manent, and developed upon the stem (adventitious roots) ; roots 
are wanting in Salviniciy Fsilotzim, and some Hymenopliyllacem. 
The differentiation is, however, not so complete as in the Flower- 
ing-plants, and so many leafy forms are not found. The various 
members of these plants are anatomically much higher than in the 
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Mosses, having an epidermis, a groand tissue with variously dif- 
ferentiated cells, and a highly developed vascular system. The 
vascular bundles, like those in the Monocotyledons, are without 
cambium, and closed; they are therefore incapable of any increase 
in thickness. In general the bundles are concentric, with the 
bast round the wood (Fig. 203). The "wood is almost entirely 
made up of scalariform tracheides. 


In Isoetes a secondary thickening takes place by a cambium, which is formed 
inside the cortex, constructing secondary cortex to the exterior, and secondary 
wood towards the interior . — Botrychium has also a thickening growth. Collateral 
vascular bundles occur in 0$niundace<E, Eqiiisetacece, and the leaves of many 
Folypodiaccis, etc. 

It is a point of special interest, that the gigantic forms of Ferns, 

Equisetums, and Clnb- 
Mosses (which flourished 
in earlier geological 
periods, when these classes 
attained their highest de- 
velopment) possessed 
some means of increasing 
in thickness. 

The sporangia ai’e in 
all cases capsule4iJce, and 
burst open when ripe to 
eject the spores. They 
are nearly always situated 
on the leaves (in Lycopo- 
diacece, m the axils of the 
leaves, or above these, on 
the stems themselves). In 
some forms (Leptospor- 
ANGIATJ]), the sporangia 
are developed from a single epidermal cell ; in others (Euspor- 
ANGIAT^), from a group of epidermal cells, or from cells which 
lie beneath the epidermis. In the first group a primitive mother- 
cell (archesporinm) is formed, which divides commonly into sixteen 
special mother-cells. In the latter group, on the other hand, a 
number of primitive spore-mother-cells are developed. In each 
sporangium three different tissues are generally developed ; an 
innermost sporogenous one (s in Fig. 201 J.), which- arises from 
the archesporanginm; an outermost one, which forms the wall (a), 



Fig. 203. — Portion of the stem of a Fern. Above 
is seen the transverse section, with vascular bundles 
of different form and size. The rhombic figures on 
the side of the stem are leaf -scars. 
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and .may be one or, moi^e rarely, several layers in thickness ; and 
an intermediate one, the tajpeium (Fig. 204^1 ,. b t),:'\vhic,h is rich 
in protoplasm, and whose cells are dissolved so that the spores 
float freely in the fluid thus provided. The .spores arise as in the 
Mosses (in tetrads), by the cross-division of the Bpeci.al mother- 
cells, and accord.mg to the manner in which they are ari^anged 
in the mother-cell have either a tetrahedral form, with a large 
base .rese.mbling a segment of a ball, or are oblong (bilateral 
spores). , Their construction is the same as in. the Mosses (p.' 
187 ). 

The spore-formation in its earliest commencement takes place in 
the same way in the Isosporous and the Heterosporous \ ascular 



Fifr. I^Ois.SelagimUa wmqualifolia. A A yonng sporangium, whicli may develope cither 
into a xnaero-, or a micro-sporangium. JB Amicrosijorangium. 

Gryptogaras; but from a certain point, after the tetrahedral divi- 
sion, a diflerenee occurs with regard to the maerosporangia. All 
the spores formed in the microsporangium may complete their 
development ; but those which are foi^med in the macrosporangium 
are generally aborted, with the exception of one or four, and these 
consequently attain a much larger size, (see 'Fig. 239.— The series to 
the left are mierosporangia ; those to the right, maerosporangia). 

Apog.uiy. In sojue Ferns (Pteris cretica; Aspiditm Jllix mas, var. erhtatum; 
A. fa Icatum; Todea africana) the young plant is not developed as a consequence 
of fertilisation, but as a bud from the protballium. This is known as apogamy, 
or loss of the power of sexual reproduction. The antheridia are generally 
more or less developed; archegonia are entirely wanting in Asp.Jilix mas, var. 
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cristatum. This variety has probably only become apogamous through cultiva- 
tion. Many specimens of Isoetes laeustris, in a lake in the Vosges mountains, 
produce in the place where the sporangia are usually found, a vegetative shoot 
which grows into a new plant, so that the sexual generation is wanting in 
this case. Some specimens have sporangia on some leaves, and shoots on 
others. 

Apospory, or the formation of prothallia instead of sporangia and spores on 
the leaves, is found in Athyrium filix femina, var. clarissimum. In this case 
the development of the sporangia proceeds only to a certain point, and from 
these arrested sporangia the prothallia are produced. Normal sporangia are 
entirely wanting in this variety, and in Aspidium angitlarp^xox. piilcherrimim^ 
sporangia are completely wanting. Compare the Mosses {page 188). 

The Vascular Cryptogams are divided into three large classes, 
in each of which a progressive development can be traced from the 
isosporous to the heterosporons forms, but some of these are now 
only known as fossils. 

Class 1. Filicinae (Ferns).-~The stem is small in comparison 
with the leaves, and branches only seldom, and then by lateral 
shoots. The leaves are scattered, large, often deeply divided, and 
of various highly developed forms. The undeveloped leaves are 
rolled up in the bud, having what is termed circinate venation. 
The sporangia are situated on the edge or on the lower side of 
the leaves, those on which the sporangia are borne (s^orophylU) 
being often the ordinary foliage-leaves ; but in a few cases the 
fertile differ from the barren ones (a higher stage in development). 
The fertile leaves are not confined to definite parts of the shoot, 
and do not limit its growth. The archesporium is most frequently 
unicellular. 

A. Isosporous : Sub-Class 1. Filices (True Ferns) . 

B. Heterosporous : Sub-Class 2. Hydropteridese (Water 
Ferns). 

Class 2. Equisetinae (Horsetails), in its widest meaning. — 
The leaves in this class are small in comparison with the stem. 
They are arranged in whorls, and unite to form a sheath. The 
sporangia are situated on specially modiheci, shield-like leaves, 
which are closely packed together and form a “ cone.’’ The cone 
is borne tenainally, and limits the growth of the shoot. The 
sporangia are developed from a large group of epidermal cells, the 
archesporium being unicellular. The branches are arranged in 
whorls, and develope acropetally. 

A. Isosporous : Sub-Class 1. Equisetacese. Existing forms. 

B. Heterosporous : Sub-Class 2. Extinct forms. 
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Class 3. Lycopodinse (Club-Mosses), — Boots generally 
branching dichotoinoii sly. The leaves are scattered or opposite, 
and in, proportion 'to the stem very small, undivided, and simple. 
They are scale-like and triangular, tapering from a broad base to 
a point. The sporangia are situated singly (except in FsUotacem), 
and almost in every case on the upper side of the leaf or in the 
axil of a leaf; but in some cases they are borne on the stem, just 
above the leaf-axii. .The sporangia arise from groups of epidermal 
cells.' The sporophjlls are often modified, and differ, from the 
foliage-leaves ; they are then arranged in cones placed terminally 
on branches, thus limiting their growth. 

it. Isosporous : Sub-Class 1. Lycopodiem. 

B. Heterosporous : Sub-Class 2. Selaginellem. 

Class 1. Filicinae (Ferns). 

The characteristics of this class have already been given on page 
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The class is divided into two sub-classes : — 

1. The True Ferns, Filioes, have one kind of spore wliich 
generally devcdopes monoecious prothallia, relatively large and 
green. The sporangia are most frequently situated in groups 
(sori), which are often covered but not enclosed by an indiisium, 

2. Water Ferns, Hydropteribejj, have microsporangia with 
riiany (4x 16) micro.spores, zpad macrospormigia, each with one mac-- 
.rospore* The prothallium is small, and pi'ojects but slightly from 
the germinating spore. The sporangia are situated in groups 
(mri), which are either enclosed by an indusium, or enveloped in 
a portion of a leaf, to form ‘‘ fruits ” termed sporocurp^'. 

The old name for the Hydropterideae, Ehizocarpe®/’ Le, the “ root-fruited,” 
originated from the erroneous supposition that the sporocarps were borne on 
the roots. 

Sub-Class 1. Filices (the True Ferns). 

Of the eight orders (with about 4,000 species) comprised in this 
sub-class, the Polypodiaceee is the largest (having about 2,800 
species) and the most ' familiar ; for this reason it will be. taken as 

.typical. 

The sexual generation. When the spore germinates, the 
external covering (exospore) is ruptured, as in the Mosses. The 
iiiternal ceil- wall (endospore) grows out as a filament, which soon 
divides and gives rise to the pi’othallium, a flat, cellular expansion 
re.sembling the thallus of a Liverwort. In its fully developed state 



Fis. m-AntheridIa ot Maiden-hair ( x 660) . A Unripe ; B ripe, but unopened ; C open 
and ejecting the spermatozoide (s). Those which have been last ejected are still lyin» on 
closed in their mother-cells, the others are coded up and drag with them the cjtoplasmic 
remains (b) ;/ cells of the prothallium. ^ 

1 In the Polypodiaoeae unisexual protliallia as distinct as those of Equketum 
are of common occurrence. 
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tlie pro thallium is generally heart-shaped, dark green, and pro- 
vided with root-hairs, and it attains a 
diameter of about one centimetre (Fig. 
205). It is formed of one layer of cells, 
except along the central line near the 
anterior depression, where it becomes 
several layers of cells in thickness, 
forming the “ cushion,” on the lower side 
of which the archegonia are developed. 
The antheridia are first formed; they 
are thns found on the oldest parts of the 
prothallium, on its edge, or among the 
root-hairs. The archegonia are developed 
later, and are therefore found near the 
apex. Several tropical Ferns have pro- 
thallia^ deviating from this typical form; 
Tricliomanes (Order Hyme7iO'phyllacece) 
has filamentous, branched protliallia, 
which resemble the protonema of a Moss. 
Others, again, have strap-shaped pro thallia, which resemble the 
thallus of certain Tiverworts. 


Fig. 205. — ProtbalHum (pp) of 
Maiden hair (Adiantum capillus 
veneris) with a young plant 
attached : 6 first lea f ; w' primary 
root ; Vi" adventitious roots ; h Ti 
root-hairs of the prothallium 
(xabt. 30). 
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" The ARfUKiioxiA hare. been already mentioned (p.. 199, Fig. 201). 
The AxniKRiDiA are hemispherical of' slightly conical bodies; (Fig. 
206). They consist, as in the Mosses, of a wall formed by one 
layer of cells, wdiicli encloses a number of spermatozoid-niother- 
eells (A and B). The aiitheridia when ripe absorb wxater, and 
are ruptured, and the spiraiiy-coiled spermatozoids iibei*ated (Fig. 
206 iS'). The... spermatozoids hare been observed to pass down the 
neck of the arcliegoninin, and to 'fuse with the oosphere. 

The asexual generation. , The first leaf, the ^‘cotyledon,” 
of the eiiibryo . dex^eloped from the oospore (Figs. 202, 205) is 
always small, xand' has a' very simple shape. The leaves which 
occur later beconm more perfect, stage by stage, until the perma- 
nent form of' leaf has been attained. — The stem is most freq'tiently 
a s'iibter*raiiean or a senii-aeriai rhizome; it is only in the tropical, 
palni-like Tree-hknais, that the stem raises itself high in the air and 
resembles that of a tree, with leaf-scars or with the remains of 
lea'ves attaclied (Figs. 207, 203) ; in certain species the stem is en- 
cased ill a tliick mat of aerial roots {Dicksonia anfarctica) . When 
the I'hizome is horizontal the internodes are frequently elongated, 
and the leaves are a'rranged in two rows, as in Polypodmm vulgare 
and in the Bracken-Fern {Fieridimn aquilmum), etc.; it is also 
generailv dorsivenfraU having a dorsal side on which the leaves ai'e 
situated, and a I'cntrai side, different from the former, on which 
rlie roots are borne. When the stem ascends in an oblique dii'ec- 
tion, or is nearly vertical, its internodes are extremely short, and 
tlie leaves arc arranged in a spiral line with a complicated phyllo- 
taxis, e.f/. in Alltyriiun Aspidimn etc. The 

i5RA.>:ciT]xo upon the whole is extremely slight, and is generally 
eontlned to the petiole (e.g. Aspid. jiMx^'mas), or to the stem near 
the insertiuu of the leaves. Several species noimiaiiy form buds on 
diiferent jiarts of the huninn. The buds wliich are formed on the 
.stem tire not confined to the leaf-axil as in the higher plants. 
Tlje Tree-Ferns, generally, do not branch at all. 

d’lie VASi.’tLAii iJt'xcLES are concentric^ with the wood surrounded 
by the soft bast. In tranverse section ^thoy are seen as circles or 
ilT^.^g^larly-s}]aped figures (Fig. 203), the name of ‘‘ King Charles 
and tb.e Oak’’ ( Bracken-Fern) having originated from the appear- 
anee which the bundles present in oblique section. In O^smundn 
the}" are collateral and resemble those of the Flowering-piants. 
Bound eacdi individual bundle is often a sheath of thick- walled, 
iiard, brown, selerenchymatous cells, which act as a mechanical 
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Fig. 207.— Various Ferns (1, 2, 3, 4 ). 

They have an apical growth wliich coiitinncs for a 
a some require several years for their complete de- 
In the buds they are rolled up (circindte) ; not only 
it also all the lateral veins, and even the terminal 
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portions of a leaf are sometimes roiled up together, tke tissues of 
the leaf being already fully developed and only waiting to expand. 
The leaves are often excessively divided and compound, with 
pinnate branches, and have an epidermis with stomata and a well- 
developed system of venation. Stipules are only found in MarcU- 
tlacece and OphioglossacetB, 

Very often peculiar hairs or scales {palece, ramenta), dry, brown, 
fiat and broad, are found on stem and leaf. 

The sroRAxuiA are small, round capsnles, wdiich, in a very large 
number of .Ferns, are formed on the hack, but more rarely on the 
edge of the ordinary foliage-leaves. It is very seldom that there 
is any difference in form between the barren foliage -leaves and the 
fertile leaves, as is found for example in Blechuinii spicant or 
Strutliiopteris ; or that the fertile part of the leaf is differently 
constructed from the barren portion of the same leaf, as in the 
Royal-Fern (Osmuuda). In such instances the mesophyll of the 
fertile parts is poorly developed. 

Tile sporangia in the FolijpocUacecB are lens-sliaped, wdth long 
stalk (Fig. 211 B) : their wall consists of one cell-layer on which 
a single row of cells, passing vertically over the top (that is along 
the edge of the sporangium), is developed into the ^'ring” (annu- 
lus). The cells of the annulus are very much thickened on the 
inner and side walls, and are yellowish-brown. The thickened 
cells, however, do not entirely encircle the sporangium, and on 
one side, near the stalk, they pass over into large, flat, thin-walled 
cells. These form a \veak point in the wall, and it is here that 
the sporangium is opened diagonally by the elongation of tlie 
annulus. The sporangium of the Polypodiacea^ opens as it dries. 
The cells of the annulus are very hygroscopic, and in straighten- 
ing, the annulus bends back with a jerk, thus ejecting the spores 
to considei*able distances. The cells of the annulus absorb w'ater 
with great readiness. [The sporangium arises as a single epi- 
dermal cell, from wdiicli a basal stalk-cell is cut off. Three oblique 
cell- walls, intersecting near the base, are next formed in the upper 
cell, and a fourth between these and parallel to the free surface ; 
an inner tetrahedral cell enclosed by four others is thus formed, 
the outer cells become the Avail of the sporangium, while the inner 
cell, by a series of walls, parallel to its sides, cuts off a layer of 
cells which eventually form the tapetum, the remaining central 
cell constituting the archesporium,] 

The SPORES ai’e either oblong and bilateral, or they are tetra- 
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liedric with curved sides, depending upon the way in wliich the 
tetrad division has taken place. 

The sporangia are almost always situated on tlie nerves and 
gathered into groups, sori, which differ in form in the various 
genera. The sori, in many genera, may be covered by a scaledike 
structure, the indusvam (Figs. 211 B, 212). 

In the majority of cases, each soriis is situated on a small 
papilla {placefita, or receptacle), which is supplied by a small vascu- 
lar bundle. Between the sporangia, hairs (paraphpses) are often 
situated, which spring either from the placenta or from tlie stalks 
of the sporangia. 

Systematic Division. The Ferns may be divided into two 
groups, characterized by the structure and development of the 
sporangia. The sporangia in the Ei:sporan<i1At.e take their origin 
from a group of epidermal cells, and tlieir wails are formed by 
several layers of cells. The archesporiuni is the (not tetruliedric) 
hypodermal terminal cell of the axial row of cells which give rise 
to the sporangium. In the LEPTOSFORANaaAT.E the sporangia are 
developed from single epidermal cells, and tlieir walls are uni- 
layered. The archesporium is a central, often tetrahedric cell, 
from which sixteen spore-mother-cells are developed^ It is dilh- 
cult to say which form is the oldest (according to Prantl, tliose 
which have the sori on the nerve-endings) ; however, the Kuspotun- 
giatoe would seem to have made their appearance long btd'ore the 
others, and also well defined Marattiacete and Ophioghnssucea* 
occur in the Kulm and Coal period, before the true Polypodiaceau 

About 4,000 species of Ferns are now existing, and the3'' tire 
found especially in tropical and sub-tropical forests. 

Family L Eusporangiatae. 

Order 1. Ophioglossaceae. The ])rothailiiim diil’ers fi'om 
that of all other Ferns in being suhterraneau, free from chloropinjil, 
pale and tuherotis. The stem is extremely short, with short 
internodes, most frequently nnbranched, vertical, and entii-cly 
buried in the ground (Fig. 208 sf). In several species (anumg 
which are the native ones) one leaf is produced every year, wliich 
has taken three to four years for its development. In Botry- 
chitim a closed, sheath-like basal part of each leaf covers the sub- 
sequent leaves during their development. In Ojjhioijlimwm and 

^ The i 30 sition of the annulus varies in the different orders ; longitudinal 
in Polypodiace®, Hymenophyllaoeje, and Cyatheaceas transverse in Schiza> 
aceas, Gleicheniacese : indistinct or apical in Osmundacea?, Ophioglossaceie, 
Marattiaceas, Salviniacese, HarsiliaceiB. 
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others each leaf has at its base an intrapefciolar, cap-iike sheath, 
which protects the succeeding leaf. The leaves are of two kinds .* 
(a) foliag’e, which in Ophioglcmum mdgatum are lanceolate and 
entire, but in Botrychifim however, are pinnate (h in Fig. 208 
A, B) ; and (6) fertile, wliich are found facing the upper side of 



Fig. 208.— .4 Ophmjlossum vulgatum ('Adder’s-tongue) : J3 Botrychiiim lunaria (Moon- 
worD), both nataral size ; r-r roots ; hs leaf -stalk ; sb stem ; h foliage-leaf ; /fertile leaf. 

the foliage-leaves. These latter in OpJiioglossum are undivided 
and spike-like (Fig. 209 J.), but pinnate in Botrychmm (Fig. 208 B ) . 
Each foliage and fertile leaf are branches from the same petiole. 
The large sporangia are placed laterally, and open bj two valves. 
Ffo annulus is formed (Fig. 209). — OpMoglossum reproduces vege- 
tatively by adventitious buds on the roots. 
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Three genera with about twelve species. 

Order 2. Marattiaceae are tropical Ferns, wliose gigantic 
leaves resemble those of the Poljpodiaceai, but have stipules in 
addition. The sporangia are grouped in sori, situated un the lower 
side of the leaves, the sporangia in each sorus being arranged 
either in two rows or in a ring. In Angiopterls tln^y are isolated 
(Fig. 210 ^d), but intlie other species {Kaulfufisla, iJanwa^ Marattia), 
they are united, and form “sjnangia” divided into a numbei* of 
chambers corresponding to the sporangia. These open by clefts 
or pores. Marattia presents the highest development, as its 
sporangia are completely united in a capsule-like synangiuin. 
■which is closed until maturity, and then opens by two valves. 
In each valve there is a row of three to eleven sporangia, each 
opening by a slit towards the inside (Fig. 210 7>, C). An indusiuiu 
encloses the soiais, except in Kaiilfnssia ; it is formed of flat and 
lobed hairs, which resemble the hairs of the other portions of the 

leaves. In Angiopteris and Mar- 
atiia the indusium is very rudi- 
mentary ; in Banma it forms a 
kind of cnpule. 

The numerous fossil Marattiaceaj 
(15 genera, with 98 species) present 
similar differences to those now living, 
but more various forms are found, for 
example, wdth solitary free sporangia. 
Those now living are the last small 
remnant {4 genera with only 2H 
species) of a once dominant family, 
which existed from very early times,:' 
and whose culminating point was 
reached, in the Kalm an.d €oal periods. ' 

; The Gphioglossacear, appear ' also, in ', 
the Kulm and Coal periods, and were 
about as numerous as at the present time (presumably 2 genera, with 19 
species). Leptosporangiate Ferns appear however to have occurred first of all 
in the Trias-formation. 

Family 2. Leptosporangiatse. 

Order 1. Polypodiace^. Sporangia on the lower side of the 
leaves, stalked and pi'ovided with a vertical^ incomplete annulus ; 
dehiscing by a transverse cleft (Fig. 211 I0-— The genera are 
distinguished by the form of the indusium and the position of 
the sori, etc. 



Fro .2J0.— Sporangia of tlie Marattlacc® : 
*'l Ainj/opicrts; B and C Marattia; C is a 
luilf sorus wiih nine sporangia, each of 
which has opened by a longitudinal cleft. 
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1. The sporangia cover the entire lower surface of the leaf 
(Tropical America and Asia). AcrosHchum, Platyceriwn. 

2 . Sori without indusia, circular or oval. Folypodium (Fig. 211 
A). The leaves are most frequently situated in two rows on the 
dorsal side of the creeping rhizome, and fall o:ff leaving a smooth 
scar behind. — P. vulgare, common in woods, on stones. {Pliego- 
■pteria also has no indusium ; see page 214). 

3 . The sporangia are situated in continuous lines just inside the 
margin of the leaf. — Pteris'^ : the sporangia form a continuous line 
along the entire raai-gin of the leaf (Fig. 211 P), which bends over 
and covers the sporangia, forming a ‘‘ false-indiisium.” Pteridium 
has linear sori situated on a marginal vascular bundle, covered 
by two linear basal indusia, of which the outer is bent over like 
the edge of a leaf. — P. agnilinum (Bracken j has a wide-spreading 




Fig. 211.— Portions of leaves with sori. A Polypodiiim. B Aspidium. 0 Pteridium. I) 
A sporangium of one of the Polypodiacece ; r the annul ns ; s spores. 

rilizome with larg'e alternate leaves, placed on opposite sides, at 
some distance apart. Only one leaf is developed from each branch 
every year. . ' ' . . 

Adiantum (Maiden-hair) : sori on the underside of small portions of the edge 
of the leaf, which are bent over (false indusium). Cnjptogramme {Allosorus), 
Gheilanthes. 

4 . The sori are oval or linear, situated on one side of the 
vascular bundle. — Asplenium (Fig. 212 A) ; sori linear; indusium 
with one of its edges attached at the external side. A. ruta mura- 
ria (Wail-Bue) ; A. septeiitrionale ; A.trichomanes. — Atliyrium: sori 
linear cr ciuwed; A. filix-fmmma (Lady-Fern). — Scolopendrimn 
1 The former genus Pteris is divided into Pteris and Pteridium, 
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Three genera with about twelve species. 

Order 2. Marattiacese are tropical Ferns, whosci gigantic 
leaves resemble those of the Poljpodiace®, but have stipules in 
addition. The sporangia are grouped in sori, situated on tlie lower 
side of the leaves, the sporangia in each sorus being arranged 
either in two rows or in a ring. In Angiopteris they are isolated 
(Fig. 210 ^), but in tlie other species {Kaulfimia, IJamm, 3Iaratlia% 
they are united, and form “ synangia ” divided into a number of 
chambers corresponding* to the sporangia. These open by clefts 
or pores. Marattia presents the highest development, as its 
sporangia are completely united in a capsiile-like syiiangium, 
which is closed until maturity, and then opoos by two valves. 
In each valve there is a row of three to eleven sporangia, each 
opening by a slit towards the inside (Fig. 2101?, C). An indiLsiuiii 
encloses the sorus, excejit hi Kmilftmia i it is formed of flat and 
lobed hairs, which resemble the hairs of the other portions of the 

leaves. In An giopten^^ 
attia ih.e indusium is very rudi- 
mentary; in Barma it forms a 
kind of cupule. 

The numerous fossil Marattiaceai 
(15 genera, with 98 species) present 
similar cliffereuces to those now living, 
but more various forms are found, for 
example, with solitary free sporangia. 
Those now living are the last small 
remnant (4 genera with only 25 
ppecies) of a once dominant family, 
which existed from very early times, 
and whose culminating point was 
■ reached ill the Kulm and Coal periods. ' , 

: :,The, Opliioglossaceffi appear ■■also/inC' 
the Kulm and Coal j)eno(lK, and were 
about as numerous as at the present time (presumably 2 genera, witli 19 
species). Leptosporangiate Ferns appear however to have occurred first of all 
in the Trias-formation. 

Vamily 2. Leptosporangiatse. 

Order 1. Polypodiaceae. Sporangia on the lower side of the 
leaves, stalked and provided, "with a veTtical^ incomplete aunulns ; 
dehiscing by a transverse cleft (Fig. 211 X»).— The genera are 
distingaished by the form of the indusium and the position of 
the sori, etc. 



Fig .210. — Sporaiima of the Marattiacete : 
A Angiopteris; B and C Marattia; C is a 
half sorus with nine sporangia, each of 
which has opened by a longitudinal cleft. 
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1. The sporangia cover the entire lower surface of the leaf 
(Tropical America and ilsia). AcrosHchum^ Platycerium. 

2. Sori without indusia, circular or oval. Polypodium (Fig. 211 
A). The leaves are most frequently situated in two rows on the 
dorsal side of the creeping rhizome, and fall ofE leaving a smooth 
scar behind. — P. mdgare^ common in woods, on stones. {Pliego- 
•pteris also has no indiisium ; see page 214). 

3 . The sporangia are situated in continuous lines just inside the 
margin of the leaf. — Pteris ’^ : the sporangia form a continuous line 
along the entire margin of the leaf (Fig. 211 0), which, bends over 
and covers the sporangia, forming a ‘‘ false-indusium.” Pteridium 
lias linear sori situated on a marginal vascular bundle, covered 
by two linear basal indusia, of which tlie outer is bent over like 
the edge of a leaf. — P. nqniliniim (Bracken; has a wide-spreading 




Fig. 211. — Poi tions of leaves with sori. A Polypodiinn. B Aspidium. C Pteridium. 1) 
A sporangium of one of the Polypodiacea? : r the annulus ; s spores. 

rhizome with large alternate leaves, placed on opposite sides, at 
some distance apart. Only one leaf is developed from each branch 
every year. 

Acliantum (Maidendiair) : sori on the underside of small portions of the edge 
of the leaf, which are bent over (false indusium). Cryptogramme [Allosorus], 
Chellanthes. 

4 . The sori are oval or linear, situated on one side of the 
vascular bundle. — Asplenium (Fig. 212 A) ; sori linear; indusium 
with one of its edges attached at the external side. A. ruta mura- 
rid (Wail-Rue) ; A. septentrionale \ A.trichomanes. — Atliyrium: sori 
linear cr curved; A. filix-fmmina (Lady-Fern). — Scolopendrium 
^ The former genus Pteris is divided into Pteris and Pteridium. 
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(Fig. 212 JB) : sori as in Aaplenium, but situated in pairs across 
tlie lanceolate, entire leaves. Each sorus is covered on tlie ex- 
ternal side by an indusiiim, whose free edges are parallel and ap- 
proach each other. 8 vulgare (Hart’s-tongue). — Blechnum {B, i^picant^ 
Hard Fern ; the fertile leaves differ from the barren, the idnnie being narrower, 
while the underside is almost entirely covered with sori, and lienee they are of 
a much darker brownish hue than the barren ones) — Ceterach : iiidusiuni 
rudimentary or absent. 

5 . Sori circular and covered by a shield-like, or reniform 
indusium . — Aspidiuiii (¥\g. 211 i>) ; tlic leaves wither away and 
leave no scar upon the root-stock. A, Jilix-mas (Afale-Fernj ; A. 
apinidosiim. — Fhegopteris lias no indusium, the withered bases of 
the leaf-stalks are persistent ; P. dryopferit: and P. poly pod ioides. 


6 . The indusium is situated below the sori, and has the shape of 
a one-sided scale (Cystopteris, Struthiopterls) . or of a cup or cupuie, 
which in Woodsia is sometimes fimbriate (Fig. 212 0, P). 



Fig. 212.— ^ Asplenhim. JB Scolopendriion. C Woodsia', D single soi’U.s of the sjituc. 
E Cyatlica : the sporangia have fallen off in the upper sori. (All magnified.) 


7. The sori are situated on the margin of the leaf, and at the end of a 
vascular bundle. Indusium, semi-cup alar. Dacallia, Principally tropical 
species. 1 in S. Europe. 

This order is the greatest, comprising about 2,800 species, the 
majority being perennial plants. A few are large, and known as 
Tree-Ferns. 

As plants in conservatories and rooms the following are cultivated : species of 
Gymnogramme (tropical America), Lomaria, Nephrolepis, Pteris (P. nenulata, 
cretica). 

Officinal. AspidiuvifiUx-mas, rhizome and the withered petioles.--Speeies of 
Alsopkila and Gibotkm give Penghawar Djambi. The rhizome of IHendiiim 
a(2iiUimm, var, esculentum, contains so much starch that it is used as food. 

The other orders of true Ferns deviate from the Polj''podiaceie, especially in 
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Sub-Class 2. Hydropterideae (formerly RhizocarpjB), 

Water Ferns, 

The following further characteristics mast be added to those 
given on page 205 : — 


the formation of the annulus, the bursting of the sporangium and its mode of 
attachment and development, and in the differences in the formation of the pro- 
thallium, etc. The principal are : — 

Order 2. Hymenophyllacese. To this order belong the lowest and most 
Moss-like Ferns ; the leaves, with the exception of the veins, are most frequently 
formed of onlij one laijer of cellSf and consequently stomata are wanting ; the 
formation of the prothallium also somewhat resembles the Mosses. Sori 
marginal, on the extremities of the vascular bundles, and surrounded by a 
cupular indasiuDu The sporangia are sessile, with equatorial annulus. J/y- 
menophylliun (H. tunhrldgerm, Euroi3ean). Tnchomanes speciosnm, Euro- 
pean). Species about 200, which live especially on rocks and trees in clamp 
and shady tropical forests. Some have no roots. 

Order 3. Cyatheacese. Annulus complete and oblique. To this order be- 
long, principally, the tree-like Ferns wdth palm-like habit. The number of 
species is about 200, they are all tropical and form forests in some regions of 
Australia. Clbotiiini and Dicksoiiia have marginal sori, with cupular, basal 
indusium. (The stem of£>. autarclica is covered with aerial roots.) Alsophila 
(without indusium) ; Cijathea with cupular, inferior indusium (Fig. 212 E). 


Fig. mS.—Glcichcnia : A part of a leaf with sori j B a smg:le soras. 

Order 4. Gleicheniaceas. Sporangia with equatorial annulus, and longi- 
tudinal dehiscence, most frequently groups of 3-4 in sori without indusium (Fig. 
213). Gleichenia : the apical growth of the leaves continues for a long time. 

Order o. Schizasaceae. Annulus apical. To this order belongs Aneimia, 
which is so commonly cultivated in conservatories. The two lowest pinnie are 
metamorphosed, having no leaf parenchyma and being covered with sporangia. 
Schiztea. Mohria. Li/godium, a climber, whose leaves have unlimited growth 
and attain a length of several metres. About 70 species. Tropical. 

Order 6. Osmundaceas. The sporangia have at the apex a lateral group 
of strongly thickened cells, which gradually pass over into the ordinary cells. 
The sporangia open by a longitudinal cleft. Indusium wanting. Osuumda 
bears the sporangia upon peculiar, branched pinnas, without parenchyma (the 
uppermost in the leaf). 0 . regalis (Boyal-Fern) : European. 
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Sexual generation. The microspou'es' 
I’^iclinientaiy protlialliutB, formed of only n 


prod n ce ft n ex t re m e I y 
single cel!, and having 


r?cr. J microspnrang-inm wftb jnfcrof 

rmding protballia (.s) ; P a protballium with tbe-l)icellmjii- {inthendiinn (.s) < 
rie inicrosporangmm; C tbe two cells of the anthc-riaumi have opened 
clefts; bejieath is seen die microspores enclosed by the hardened TOuci!a‘-e 
xoids still eBClosed in the mother-cells. 


iho. 215.—Sah[na naiavs. J, Yi 
which is still enedf^sed in the macros 
Ftill in connection with the spore (s) 
leaves, of which I* and c stand singl; 
like lobes of the protballiuzn ; ni the fc 
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grow out through this slime and also through the wall of the spor- 
angium (Fig. 214), and it thus terminates in a relatively long 
cell. 

Ill the microspores are set free from the microsporan- 

giuiii, and the prothallia, with the antheridia, remain in them 
until the spermatozoids are liberated. The latter are spirally- 
twisted threads. 

The MAOROSPORES, Oil germination, give rise to a very reduced pro- 
thallium, which in Salvinm bears 3 archegonia ; but, if these aie 
not fertilised, the prothallium may continue to grow and become a 
fairly large, green body wdth several archegonia (Fig*. 2 lo ^4, 1?). 
In Marsilia the prothallium is still more reduced, it is enclosed in 
the macrospore, and only bears one archegonium. The archegonia 



FiG. 216.— nataw, A An arcliegonium, nniipe, seen in longitndmal section : 
h the neck-cells; the neck -canal-cells ; o the central cell. B An open archeg-onium of 
\^hich the neck-cells hav e sepai’ated. off. C An open, old. archegonium seen from the top. 


are similar in structure to those of the Ferns, but are smaller, and 
sank more deeply in the tissue of the prothallium. 

The a.sexua.1 generation is developed from the fertilised 
egg-cell. It is a dorsi ventral, horizontal shoot. In Salmyiia it bears 
at first a shield-like leaf, the scutiform leaf (Fig. 215 0, a), w'hich 
is succeeded by the ordinary foliage-leaves. The young plants 
of Marf^llia, likewise, have less perfect leaves in the very early 
'■stage. '■'^■'' ■■ . ' . ' " ■ ■ 

Tlie formation of the sporangium is the same as in the Lepto- 
sporangiate herns. (The 16 spore-mother-cells originate from one 
central, tetrahedric arehesporium.) 

The Hydropte 2 'ide?e are divided into 2 orders, the chief differ- 
ences between them being found in the asexual, generation. 
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Order 1. Salviniacese. This order more nearly approaches 
ihe true Ferns, especially so on account of the form of the indusiuni. 


,, B 

no. 217.-Sahmia naiam (ratoral size): A seen from above, floating on the witer- 
i. a portion seen from the side in its uutnral position in the water. ’ 

Only one species is found in Europe, Salvima nafam fFig. 217) 
Ihis IS a small, floatino^, annual, aquatic plant, entirely dr^taute of 
Ihe donsiventral, horizontal stem beat's two kinds ^f leave.s, 
which are arranged m whorls of three. Two of the.se which turn 
upwards are oval, entire, aerial foliage-leaves ” (Fig. 21 7 If ■ 

the third, tlie icaier-leaf'^ {h^) is 
submerged and divided into a 
nuinber of hair- like segiiicints, 
similar to the submerged leaves 
in many aquatic plants, for in- 
stance, Water-buttercup (see also 
I^ig’. 2.15 0), The whoi*ls of leaves 
alternate with each other; there 
are^ thus 4 rows of dorsally-plaeed 
aerial leaves, and two rows of 
ventral ly-placed submerged leaves. 
Ihe sporangia are situated in sori, 
rolnniYi i i sorus being borne on a small 

but ^Zir T f f enveloped by a cupular, 

(Pig- 218). The smd are situaied ou 


]'iG. 21S, — Sori of Salvinia in lougi- 
ttidinal section : h microsporangia ; m 
macrosporangia, {x lO.) 
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the submerged leaves (Fig. 217 B, s~s) and are tmise^mcd, i.e. each 
soriis contains mici'osporangia only, or macrosporangia. 


Azalia belongs to this order. It is a very small, floating, tropical water-plant 
(America and East India), with horizontal, root-bearing stem. The stem branches 
profusely by lateral buds, and bears the two rows of leaves on its dorsal side, 
the roots on the ventral side. Each leaf is bifi ), and divided into an upper dorsal^ 
and a lower ventral portion. The upper segments float on the surface of the 
water and are arranged like tiles on a roof, each one overlapping its neighbour. 
In each floating segment^a _ large cavity is found, in which Anahcena is always 
present. The lower segments are submerged. 

Order 2. Marsiliacese. The characteristic feature of this 
order, and one not possessed by other Fern-like plants, is that the 
sori (2-many) are enveloped in leaf- 
segments which close round them and 
form a ‘‘ sporocarp,” just in the same 
manner as the carpels, in the Angio- 
spermous Flowering-plants, close round 
the ovules and form ovaries. The sori 
contain both micro-, and. inacro-spoi‘angia. 

When the spores are ripe, the sporocarp 
opens in order to disperse the spores 
(Fig. 220). 

The two genera (with 57 species, 

Temperate, Tropics) are land- and marsh- 
plants, whose dorsiventral, creeping stem 
bears roots on the under surface, and the 
leaves in two rows on tlie upper side 
(Figs. 219, 221). The leaves of Mar- 
silia are compound, and divided into four 
small leaflets springing from the apex 
of the petiole (Fig. 219), and resemble 
the leaves of Oa'alfs. In the bud tlie 
leaves are circulate (Fig. 219 5), and at 
night they exhibit the well-known sleep- 
movements. The sporocarps are borne 
on the petioles of the fertile leaves, near 
their bases (Fig. 219/) ; they are oblong 
and resemble small beans, the outer cells 
being hard and scierenchymatous, while Em. 2i9. — Mar^n-ia sahmtrU' 

the inner ones are divided into a number (a9iiuraiBi7.e): K terminal bud; 

1 ^ Cleaves; /sporocarps; point 

ot loculi arranged in two rows. On of branching of petiole. 
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gei'mination, water is absorbed, the two sides sepai'ato slig-litlv, as 
\ahes (iig. 220 aJ), and a long vermiform mass of oelatiuons, 
parenchymatous cells (Fig. 220), swollen by the witor, emeiges! 
bearing a large number of sori am-anged pinnatelv. iiacli swn.s' 
(w) is covered by a thin indusium. (The thin covering may bo 
considered an indusium physiologically, thongh not "morpho- 
logically). 

Miirsiha qmiibifoha, in Europe. Many species are found in Australia. Tiie 


nutritious 
pedition in 
name. 
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Fig. 223.— -Egui'-ettm ijiaa:- 
imimi, .Spermatozoids ; <i 
shows them still enveloped 
by the mother-cell. 


Class: 2, Equisetinae (Horsetails.) ■ 

The characteristics of this class have been described on pao*e 

.;m ■■ 

It is divided into two sub-classes 

1. The isos:pq:r^^^^ To this sub-class belong, with 

certainty, only the Eqcisetage^ now existent, which are "repre- 
sented' by' only one genus,. 

2. The HETEROSPOEOOS EQuiSETiNiE, Eorms which areUiow.ex-* 
tinct,: 

fv '' "■ " ■■ 

Sab-Class 1. ' Isosporous EqU'fe.etirise. . 

Order. Equisetacege (Horsetails). 

The sexual generation. The prothallium is green and ieaf- 
like, as in the majoi'ity of Eerns, but irregularly branched and 


curled. It is often unisexual. The male pro thallia bear antheridia 
only, and are smaller and less branched (Pig. 222 A) than the 
female; the latter may attain a diameter of f an inch, and bear 
areliegonia only (Pig. 222 B). The antheridia and the archegonia 
resemble those of the Perns, but the spermatozoids (Fig. 223 ) are 


Fig. 222.~]Sqmsetii'ni arvensc. The prothallium highly 
magnified. ‘A; Male ; s, s antheridia. B Portion of a 
female, cut-throu^rh vertically ; a; m archegonia, the central 
one is fertilised ; h h root-hairs. 
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larger and less twisted. On the last cmwe is situated a more or 
less elongated appendage of cytoplasm (Fig. 221i r). 

The asexual generation. The embryo is .similar to that of 
the Ferns. The fully developed Mqidsetum is a perennial herb, 
with widely creeping (in some speeie.s tuberous) rhizome, fi-om 
which extend, erect, aerial, most frequently annual shoots. 

The vegetative aerial stems are divided into a number of inter- 
nodes by the whorls of leaves (Fig, 224). The internodes are hol- 
low, the cavities being separated from each other by the transverse 


- .soua nodes. 1 he lower portion of the internode, 
d by the leaves, has much thinner and softer cell- 
e stem is easily separated into segments just above 
eh intemode has a large number of ridges and 
TO at Its apex a whorl of leaves whoso number and 
ond to the ridges of the internode. As in the 
rticillate plants, the whorls are placed alternatelv, 
her ; the same arrangement is also found in the 
successive internodes. In addition to the larce 
3 cenfee. of each interaode (the central cavitv), a 
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liorl of tabular air-passages is found in the cortex of the stems, 
opposite the farrows (valleoular canals). There is also a similar 
air-passage (earinal canals) in each of the vascular bandies, which 
are^ placed in a ring, one opposite each ridge, and therefore alter- 
nating with the vallecalar canals. The vascular bundles are co/- 
jateral as in the majority of Flowering-plants, bat poorly deve- 
loped. The xylem of each bundle consists of two groups of 
annular or spiral vessels, close to the outer border of the earinal 
canal, and two groups of scalariform tracheids, each placed on a 
radius passing through a group of spiral vessels. The phloem is 
placed between these four groups, each of which has only a few 
vessels. The stiffness of the stems is mainly due to the large 
amount of silica in the cell-walls of the epidermis, and to the 
sclerenchymatous cells of the ridges. 

All LEAVES are situated in tvhorJs. The vegetative are simple, 
undivided, l-nerved, and are united into toothed sheaths (Fig. 
224 a, 6). The branching of the stems in some species (E. arvense) 
IS very abundant. The branches break through the base of the 
leaf-sheaths (Fig. 224 6), and generally alternate with the teeth 
(leaves). 

The I'EBiTLE LEAVES (sporopkylls) are different from the barren 
ones. They ax's free, shield-like, 'e-Ach. one having a short stalk 
bearing usually an hexagonal plate (Fig. 224 d), and closely com- 
pressed into an ear or cone (Fig. 224 a, e). The Hquisetums thus 
present an advance in development distinctly beyond that of the 
herns, -which is further emphasized by the circumstance that a 
transition from the sheath- leaves to the fertile-leaves is found in 
the involucre or annulus, a “ collar ” of specially modified leaves 
situated at .the base of the cone (Fig. 224 a and c). The cone 
may be considered as a very rudimentary flower, and the annulus 
may be regarded as a very early stage in the formation of a flower 
(perianth). See page 235. 

The SPORANGIA are situated on the underside of the sporophylls, 
one at each angle ; they are sac-like, and open inwardly by a 
longitudinal cleft (E’ig. 224 d). An annulus is wanting; but in 
the wall of the sporaagium, as in the pollen-sacs of the Flower- 
ing-plants, a layer of cells, with annular or spiral thickenings, is 
developed, which assists in the dehiscence of the sporangium. ° 

The SPOBES are green; the walls composed of four distinct 
layers, of which the outer is gradually separated, exc.spt at one 
point, and becomes split into four long bands (elaters) (Fig. 225). 
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The eiaters are extremely hygroscopic, coiling* roninl tin) spore 
when moistened, and expanding as soon as diy, presenting a most 
lively object under the microscope when breathed upon and allowetl 
to dry. The second layer, when germination eominences, becomes 
detached from the inner wall, wliieli is formed of the exospore 
and endospore. - 

The order has become much reduced, find at the present time 
includes only one genus, Hqtusetum^ witli about t\venty-ii\'e species, 
which are distributed over the entire globe, pa,rticahirly in damp 
situations. In SOMC spkciks the barren shoots are green and very 
ranch bi'anclied, but the fertile ones are unliraiiched, [faie brown, 
and possess no chloropbyll {E. arvmse, Field- Horsetail, Fig, 221, 
and E. maximum). In others tlie fertile and !>aiTeu siiouts are 
alike green, and either both unbranched (E. hlemale), or branched 
{E, palustre, E. Umostim, etc). Tlie fertile shoots of E. siivaiicuitu 


A 

Fig. *22o. - Spores of Equisctum : A damp, with elatei's (,:) coiled round the spore ; i»* *iry, 
with eiaters exp'anded. 

Up to maturity, i*esemble those without chyloi'opliyll of E. 
but after that period they produce gi'een branches, and thus re- 
semble the barx'eu ones. 

Extinct isosporous Equisetinje. In addition to several true species (d 
fossilized Equketims^ the order of the Calajiiteh, wliicIi no doubt is closely 
allied to the Equisetinaj, is also found in the fossil state, Tliesc were 
forms, attaining about twenty times the size of those of the present day, an«l 
stems of nearly 10-12 metres in height are known. Tliey reached the culmina- 
ting point of their development in the Carboniferous peiiod, and died out 
towards the close of the Palieozoic. The stems Iiad hollow internodes and 
a ternating grooves-, similar to their relatives of the present day. The leaves 
must either have hem absent or very perishable, since they have not been 
identified with certainty,. If the determinations of certain remains of cones 
which of late have been discovered are correct, they were heterosporous and 
had two kinds of sporangia as in Ihe following sub-class. A cambium forma- 
tion and an increase in thickness has been found in the stems. 

Their uses are very limited. A few species, such as E. hkmale are used for 
X^olishing on account of the hard siliceous cell-walls of the epidermis, found in 
all species of Equisetunu . 
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Sub-Class 2. Heterosporous Equisetin^. 

The two orders which come under this head are united by the chareteristics, 
that the verticillate leaves are not united into sheaths (Fig. 226), and that be- 
tween each whorl of fertile leaves there is also a whorl of barren ones. The 



Fig. 226. — A. fragment of Annularia. : 

fertile whorls in Annulari.e are situated about midway between the barren ones 
(Fig. 227), but in Asterophyllite.^3 they occur immediately above a barren 
whorl (Fig. 228) and contain only half as many members as the latter. The 
lower whorls bear inacrosporangia with one macrospore, the upper, ‘micro- 
sporangia with many microspores. ^ 



Fig, 227.— -Fragment of Anaiilarm lo/igi- ' Fig. 228.— Fragment of cone of Ajstero- 

/oKa, with sporangia ; the leaves have phyllites {Vollermnnia'dongata) : a and .<? 

partly fallen off : a barren whorls ; s fer- as in Fig. 227. 

tile whorls. ■ ■■ . , 

The AnnuIjARI/ 13 were distichous (Fig. 226), and presumably floating plants. 
The.AsTEROPHYLinTE;Ehad verticellate branches. These also died out after the 
Carboniferous period, at the close of the Palaeozoic. 
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Class 3. Lycopodins (Club-Mosses). 

The characteristics o£ this class have been given on page 205. 
It consists of two sub-classes, one embracing isosporous, the othei 
heterosporous forms. 

Sub-Class 1. Lycopodieae (Isosporoxis Lycopodimu). 


One Ivind of spore. Prothalhuin 
without ligule. 



Fig. 229. — Lycopodiut^i annotimiin : A eni- 
byro (nat. size), with prothallium (pr), one 
embryo is broken off; B the prothallium 
(slightly magnified) ; C section through the 
prothallium and embryo in the direction a-b 
of A, and vertically in the plane of the paper. 


large, partly green. Leaves 



Fig. 230 . — Lycofotliwti oJavatmn: 
portion of a stem, bearing cones (a) ; 
s, a spore; h sporangium in the axil 
of a leaf, s. 


Order 1. Lycopodiaceae. The PROTHAi.LruM is only known in 
b few species at present, but in these it is more or less tubercular, 
iiid bears both antheridia and archegonia. 

In L. anKOtimm the prothallium is a relatively large mass of cells, 
jMorophyU, and subterranean, in -which the antheridia and archegonia 
smhedded (Kg. 229). In the widely distributed tropical species, L. cernuum, 
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and in L. inundaium, it is a small tubercular body wMcli has a subterranean 
portion, with either little or no chlorophyll; and an aerial green portion. 
The prothailia of L. phlegmaria and others live saprophytically in the crevices 
of the bark of trees ; they are partly filamentous, branched, and possess no 
chlorophyll. 

The asexual generation. Perennial plants. The stem 
branches nioiiopodially (often apparently dichotomonsly), and is 
thickly covered by small, siynple, triangular or scale-like leaves. 
The leaves are spirally arranged in some species (Pigs. 229, 230)4 
and in others, whose stem is compressed with unequal sides, oppo- 
site (Fig. 231). The roots of Lycopodium are dicliotomously 
branched. 

The SPORANGIA in Lycopodium az^e situated singly at the base of 
the leaves, almost in their axils ; they are reniform, unilocular and 



Fig. 231. — Lyco’podmm coni'planatum : a 
leaves on the edges of the stem 4 d leaves on 
the sides. 



Fig. 232 . — Lycopodium clavatiim. A 
tetrahedral spore seen from above, 
where the three borders join ; and a 
tetrad of bilateral spores, still lying 
in the mother-cell. 


open like a mussel-shell by two valves (Fig. 230 Ji). The sporangia 
are developed from a group of suiTace cells. The archesporium is 
formed from one hypodermal cell (or perhaps a cell -row). 

The fertile leaves are collected upon definite regions of the stem. 
They are either similar to the barren ones, and then the fertile 
portions of the stem pass gradually, without any break, into the 
barren portion (I/, selagd) ; or they differ from the barren leaves, 
and are then collected into special apical cones (Pig. 230 a). The 
SPORES are tetrahedral or bilateral (Fig. 232). 

About 100 species, chiefly tropicaL 


Five species of Lycopodium are found in Great Britain. L, clavatnm and L. 
selago are common in mountainous districts. annotinum is common in the 
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-Fossil Lycopodiaeee in the Carboniferous period. 

OmciNAL: «Ly,oopodium,” the spores of L. cUvatuvi ^ 

■p^ToilvS Psilotaceae. The sporangia are placed on the apex of shoit, two 

leaved sfems, as 2-3, seldom four, small capsules. Small herbs, with angular 
stems - leaves small, simple, and one nerved. Only four species. -I-yiloUm 
Sagicar, Moluccas, Sandwich Islands, etc.) is destitute ot roots their place 
SS supplied by special underground stems which bear a few moditied leaves, 
very much reduced, especially when buried deeply in the soil. Three species. 
^Tmesipteris (Australia), one species. 

Sub-Class 2. Selaginellese (Heterospoegtjs Lycopodim®). 
Micro- and macro-spores. Tbe prothallia are very much reduced, 
especially the male; the female does not leave the spore. Ihe 
leaves are ligulate. 



A B ^ 

Pig 233 -Germination o£ tbe miorospores of Selagbiella : A tbs spore vendered 
.rparTnlseenfromabove. 

zoids and the mother-cells are escaping together. 

The sexual generation. In the microspoeics are formed : 
(1) a very small “vegetative” cell, representing the vegetative 
part of the prothallinm (/ in Pig. 233 A, B), and (2) a cell many 
times larger and which divides into a number (4-8) of primordial 
cells, each of which divides into four spermatozoid-mother-cells, 
though all of these may not develop© spermatozoids. On germina- 
tion, whea the spore- wall is raptured, the spermatozoids and 
spermatozoid-mother-cells are ejected into the water. 

The SPERMATOZOIDS in Selaginella are elongated and club-shape , 
with two cilia (lig. 234) ; but in Isoetes lacustns they are spirally- 
twisted threads which differ from all other spermatozoids by 
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having a bunch of cilia at each end; the other species of Isoetes 
have cilia only at the anterior end. 

The MACEOSPORES. Shortly after 
the macrospores have been set free, 
or in Selaginella, while still en- 
closed in the sporangium of the 
niother-plant, they germinate and 
soon become filled with the cellular 
tissue of the pro thallium, and even 
in Selaginella the archegonium be- 
gins to be formed before the rupture of the spore-cell- wall has 
commenced (Fig. 235 id). 

The ARCH EGONiA are constructed on the same plan as those of the 



Fig. 234. — Spermatozoids of Selaginella : 
b with a remnant of cytox)Iasm. 





A S 


Pig, 235. — Macrospoi’e of Selaginella : A longitudinal section, before the rupture of the 
wall, six weeks after being sown. The endosperm (e) has not yet filled the entire 
chamber. Cell-formation is still proceeding in the lower part of the spore. The endosperm 
and prothallium (//) are separated by a distinct line (diaphragm). B Germinating macro- 
spore seen from outside : s wall of the spore ; ce archegonia. 





Pig. 236.— Archegonia of Selaginella: A unripe, in longitudinal section ; c the central 
cell; neck-canal-cell, which is wedged in between the two-storied neck-cells ; B ripe; 
■u ventral canal-cell ; C seen from above, open. It will be noticed that the neck is formed 
of two tiers of four cells each. 
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other Arch ego niatae, but are cjiiite eiiibeclded in the pi’otballiiiin 
(Figs. 235 (TP, 236). 

The asexual generation varies very much in the diiTorent 
orxlers. 

Order!. Isoetaceae (Quill- worts). The only known genus, 
Isoetes (Quill- wort), has an extremely short, tuberous, miljrauclied 
stem wdth very short internodes (Fig. 237). The sTi-:n is 
remarkable as being the only one among the Vascular Cryptogams 
which increases in thickness (see page 202). The nieristematic 


;i>.i 1 


< 1 










ii. liil*'- 


Fig. 2S7.~-IsoUes lacustris (slightly diminished): st the stem ; r roots ; h leaves. 

Fig. 238.— Iso^’tes laeusiris. Longitudinal section through the base of the leaf with a 
microsporangiuni. Tbe edge of the groove, in %vhich the microspangium is placed, is 
continued as a thin covering which envelopes the sporangium. The inferior edge of the 
ligular groove (L) forms a lip (J); t, sterile cell-rows (traheculse) which divide the 
sporangium into compartments; I vascular bundle. 

Fig. 239 . — Selaginella in(equalifoHa. Cone in longitudinal section ; microaporangia are 
seen on the left side, macrosporangia on the right (most frequently each with four 
inacrospores). 

cells are situated i*ound the axial cylinder, and form, especially, 
parenchymatous tissue in two or three directions, giving rise to 
2-3 grooves in which the dichotomously-hi'anched roots are 
produced. The leaves are arranged spirally in a close ro>sette. 
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They are awl-shaped and have at the base a semi-amplexicaal 
sheath, with a groove (fovea), in which a sporangium is situated 
(Fig. 238). The ligule is a foliar outgrowth from the upper edge 
of the groove. — The MACaosPORANGU (each with a number of 
iiiacrospores), are situated on the outer leaves, the micros popcANGi A 
(Fig. 238), on the inner ones. Between each cycle of fertile 
leaves there are a number of imperfect or barren ones, as in the 
case of the female plant of Gycas, The spores are liberated by the 
decay of tlie sporangium. The two kinds of sporangia develope at 
the commencement in the same way. The archesporium is, at 
first, a hypodermal layer of cells which grow out in the direction 
perpendicular to the surface of the leaf, and divide by a number of 
walls parallel to this direction, forming a sporogenous mass of 
cells. Some of the cell-rows of this sporogenous mass lose their 
rich protoplasmic contents, and are arrested in their growth ; thus 
incomplete divisional walls of sterile cells, “ traheculce,''' arise in the 
spoi-angium, dividing it into a number of compartments one above 
the other (Fig. 238 t). (The trabeculge, according to G-oebel, play 
the same part as the nutritive cells of the sporangiani of Uiella ; 
the tapetal cells, as in the Ferns, are in a great measure dissolved 
at a later 25 eriod.) The sporogenous cell-rows, in the micro- 
sporangia, give rise to a large number of spore-mother-celis, but in 
the macrospoi’angia only one spore-raother-cell, wnth tapetum, is 
developed from each fertile archesporial cell. 

The two native species, and several others, are aquatic plants, 
the remaining species are land plants, or are ampliibious. About 
50 species. In temperate and tropical regions, — -Fossil species 
in the Tertiary period. 

Order 2. Selaginellaceae. This order contains only one genus, 
Selaginella. The stem, in the majority of species, is dorsiventral, 
long and slender, and apparently branches dichotomousl}^ but in 
reality monopodially, "with well developed lateral shoots. The 
LEAVES are small, round, or ovate, in the majority of species 
arranged in whorls of two leaves each ; these whorls, however, 
are not decussate, but are considerably inclined towards each 
other, an arrangement by -which four rows of leaves are produced, 
each whorl having one large and one small leaf. The two leaves 
in each w^horl are of unequal size, the smaller one being placed 
on the upper surface and the larger on the lower surface of the 
stem (Fig, 240). Some species have spirally-arranged leaves, more 
resembling the arrangement in the Lycopodmms. 
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Tlie FERTILE LEAVES. DQsost ■ frequently clilfor from, t,b,e barren ones, 
and are collected into spike-like cones (a kind of flower; Fig. 239). 
Micro- and macro- sporangia are found in tliesaine cone (Fig. 239), 
Each sporangium arises from a gmup of supei'iicial cells of tiie 
stem, directly over the leaf on which it will be situated later on. 
Each sporangium has a hypodermal, unicellular archesporium, 
and contains a layer of tapetal cells ; these are dissolved later, 
when the spores are ripe, and not before as in the Ferns. In the 
. ” very early stages of tlieir developiiieiit, 

the micro- and maero-sporangia are 
precisely similar, and the differences 
between tlieiii arise later on. In tlie 
mierosporaiigium ail the sporo-inothei'- 
cells divide, and each forms four tetra- 
hedrieally-ars'aiQged microspores (F ig. 
204) ; but in the inacrosporangium 
only four macrospores are formed, by 
the division of a single mother-cell^ 
while the remaining spore-mother-cells 
are aborted. It is rarely that the 
macrosporangia contain 2 or 8 macro- 
spores. 

For the GERMINATION OF TEE SPORES, 866 pages 228, 229. The prothalliiim. 
arises in the macrospore (/--/, in Fig. 235 .a), probably by division of the meniscus- 
shaped protoplasmic mass, which is marked off at the apex of the spore; 
primordial cells are thus formed which later on are surrounded by a cell-wall. 
In six to seven weeks after sowing, the spore-wall is ruptured by the growing 
prothallium , which already has developed archegonia (Fig. 235 The 

prothalliiim so formed does not occupy the entire cavity of the spore, but four 
to five weeks after sowing, the large-celled parenchyma is developed in the 
lower portion of the spore by free cell -formation; this has been termed by Pfeifer, 
“ endosperm.” since it is similar to the endosperm of Fiowering-jilaiits. Goebel, 
however, has termed it “ secondary prothalliiim,” as the homology with the 
endosperm of the Angiosperms is very doubtful. 

The FEKTILTSEI) OOSPHERE divides into an uppei^ (by pobasal) and 
a lower (epibasal) cell; from the latter alone the embryo is deve- 
loped with its root,, stem, foot, and two cotyledons, and the former 
gives rise to an organ which appears in tins instance for the first 
time, but which occurs in all Flowering-plants, viz. the suspensor. 
This forces the embryo down into the “ endosperm,” which is 
entirely or partially absorbed by the embryo. In the case of the 
Flowering-plants the embryo is developed with its longitudinal 


Fig. 24.0. — Selap.nella martensii: 
s lower leaAT-es ; r upper leaves. 
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axis in tlie elongation of tlie suspensor, but in Selaginella the em- 
bryo is situated transversely to it. 

Selaginella (300'~400 species), is essentially tropical, only one 
species living in the JSTortli (5. spinulosa), but others grow in 
Central and South Europe. 

Order 3. Lepidodendracese are extinct, tree-like Lycopocls, which are 
found especially in the Lower and Middle Carboniferous. Vegetatively they are 
most nearly related to Lycopodium, but the stem attained much larger propor- 
tions (about eleven metres in height and one metre in thickness), and had a 
cambium by which it increased in thickness. It was regularly dichotomous, 
and closely studded with spirally-placed leaves, which left behind them peculiar 
rhombic sears. The large cones resemble Pine-cones, and bore sporangia 
miicb larger than any which are now produced (the male ones as much as 
2 cm.’s in length). The macrosporangia were situated at the base, and the 
microsporangia at the apex. 

Order 4. Sigillariacese. These are, presumably, another group of extinct 
tree-like Lycopods (especially in the Middle Carboniferous). The name has been 
derived from the seal-like scars, which the fallen leaves have left behind in 
longitudinal rows on the grooved stem. The rhizomes of these plants were 
formerly termed i^tigmaria, and placed in a separate genus. 

Orders. Sphenophyllacese form an entirely extinct group. They do not 
definitely belong to any of the three large classes of Vascular Cryptogams, but 
it is perhaps best to place them in juxtaposition' to these. They were herbaceous 
plants with verticillate, wedge-shaped leaves, with nerves branching dicho- 
tomously into equally strong branches. Micro- and macro-sporangia were 
formed in the same cone ; and were situated in the axils of the leaves, as in the 
Lycopods. 


The Transition from the Cryptogams to the^ 
Phanerogams. 

All the plants considered in the preceding chapters arc included 
ill the term Cryptogams; all in the following chapters under the 
head of Phanerogams (see page 8). Hoff mei stein’s pioneer works 
(1851, Vergleicheiide TJntersucJumgen tier hohereti Kryptogantr/t^ etc.) 
and the numerous researches published later by other investigators, 
have closed the gap which was formerly thought to exist between 
these plants; so that we now, in the series: Bryophyta — Pterido- 
phyta — G-ymnospermse— Angiospermce see the expression of a 
single line of development in accordance with a definite plan. The 
forms through which this gradual development has taken place 
have in course of time, however, to a great extent died out, and 
only single links of the chain connecting the lowest to the highest 
still remain. 

The alternation of generations, which we found indicated in 
certain Thallophytes, can be proved with the greatest clearness in 
all the higher Cryptogams, from the Mosses upwards; it is also 
found in the Phanerogams, but not in snch a pronounced degree, 
because one of the generations is so far reduced that it has almost 
given up its independence. For the sake of greater clearness, we 
will begin with the comparison of the sporophyte, asexual (secoml) 
generation. 

The asexual (2nd) generation of the Cormophytes. 

The asexual generation which follows' from the further develop- 
ment of the fertilised oosphere, is, in the only the sporo- 

gonium (according to one theory it is perhaps homologous with a 
spore-bearing leaf, situated upon a short stem, see p. 187) ; in 
FiliciuWj Equisetince, and Lycopodinm, on the other hand, it is a 
highly developed plant dijfferentiated into stem, leaf, and true roof., 
and bearing the sporangia on its leaves. The MoniFiOATiON of the 
SHOOT is very slight in Filicinm, The first leaves of the embryo 
are very simple in form (Fig. 205), but after a certain age ail the 
leaves which arise are essentially alike. The fertile leaves do not 
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differ from tlie barren ones, and are found associated witli them, 
and their formation does not limit the growth in length of the 
stem. It is only in a few of the true E'erns, and in the Hydro- 
pteride^, that the fertile leaves differ considerably from the 
barren ones. A division of labour in which certain leaves are set 
apart for nutrition, and others for reproduction, is found more 
pronouncedly in the JEq'idsetincB and Lycopodince, for in these 
groups, with a few exceptions, the fertile and barren leaves are 
very dissimilar ; the former are collected in special ear-like cones, 
%vhich Urminate the further groivth of the short stems on which 
they are borne. In connection with the cone, leaves are sometimes 
developed which form a transition from the barren to the fertile 
ones (the annulus ” in Equisetacem), and in these cases the first 
indication of a flower with perianth or floral-leaves is to be traced. 
Among the Cryptogams the highest division of labour is found 
in Selaginella and Isoetes, which have the two kinds of sporangia 
borne on different leaves. The division of labour (modification) 
is, however, still more pronounced in the Phanerogams : the leaves 
which bear the microsporangia (‘‘pollen-sacs”) have quite differ- 
ent forms from those which bear macrosporangia (the“ nucellus ” 
in the ovule), the former are termed stamens, the latter carpels; 
in certain instances, too, there is even a contrast between the 
“ male plants ” and the “ female plants.” Moreover, a division of 
labour, in a much greater degree, takes place in the leaves which 
do not directly take part in reproduction, and it is thus possible 
in many plants to draw a sharp line not only between stamens and 
carpels, but also between four or five distinct kinds of leaves, which 
differ in form, structure, and corresponding functions, and which 
appear in regular sequence on the shoot : namely, between “ scale- 
leaves” and “ foliage- leaves,” ^ both of which occur in the Ci'ypto- 
gams, and the “ floral-leaves,” including the bracts and leaves of the 
“perianth,” ■Nvhich latter often differ from each other ,in form and 
colour, and are then separated into sepals and petals. The leaves — 
stamens and carpels — lohich hear the sporangia are termed sporo- 
phylls, and .the shoot, or extremity of a shoot, whose leaves are 
modified into sporophylls, is termmated in its further groivth hy their 
production, and is knoivn as .a fioioer. The flow’'er which is most 

^ Floral-leaves (hypsophyllary leaves) are here adopted as an equivalent of 
the term “ Hochblatter,” to signify leaves on the floral-shoot other than foliage 
or sporangia-bearing leaves. The term bract is applied only to leaves in whose 
axil a flower is borne, and hracteoles to leaves borne on the flower-stalk {pedicel). 
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completelj furnished has calyx, corolla, staiiiens, and carpels ar- 
ranged in this order. If the only sporophylls present are stamens, 
then it is said to be a male {staminate) flower, and if only carpels, 
then db female {^pistillate) flower, and in both these cases the flowers 
are unisexuaf or diclinous. If stamens and carpels are both present 
in the same flower, it is termed hermaphrodite. Diclinous plants 
in which the female flowers are situated on one plant, and the 
male flowers on another, are termed dioecious ; and those in which 
the same plant bears the two kinds of fiovrers are termed mom^3- 
cious. When the male, female, and hermaphrodite flowers are 
found in the same sjDecies, the plant is said to be polygamous. 

The sporangia-bearing leaves — Sporophylls. In the 
Mosses the asexual generation is only represented by the sporo- 

gonium, and if the theory h 
correct which considers the 
sporogonium to be an eiii^ 
bryo consisting of a rudi- 
mentary stem and terminal 
leaf, then the spores are pro- 
duced on the leaves in these 
plants. The sporangia in 
the Filicinae are situated in 
groups (sori) on the back or 
on the edge of the leaves. 
The number of sporangia in 
the sorus diminishes very 
greatly in the Marattiacea^ 
and Gleicheniaceae (three to 
four in the latter, Fig. 213). 
In the EquisetintB. the spor-:,: 
angia are situated in a small 
nu mber on the under-side of 
shieid-like leaves, and in 
Lycopodium, singly, in the 
axils of the fertile leaves, which are alike and bear either micro- 
or macro-sporangia. In the Phanerogams there is a great differ- 
ence between the stamens and carpels. 

Stamens. In the low'est Phanerogams {Cycadece) there are 
many indications of relationship to the Ferns. The stamens are 
flat and broad, and have on the hack many pollen^sacs {micro-' 
sporangia) arranged in small groups (true sori), which even have 



Fig. 241. — 0\jcas : a stamen (nat. size) seen 
from the under side ; h four pollen-sacs, not yet 
open, forming- a sorus ; c three open pollen- 
sacs ; d a pollen-grain. 
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a small “placenta,” similar to the one possessed by the Ferns, 
and open towards the inside by a longitudinal cleft (Fig. 241, 
compare Fig. 213). A section of the Coniferm agree more closely 



Fig. 242.— Stamens of Araiicana (pollen- Fig. 243.— Male flower of Taxiis, 

sacs long and pendulous). 

with the Eqnisetacese, in having a few (three to eight) pollen- 
sacs arranged on the under-side of more or less shield-like leaves 
(Figs. 242, 243, compare wdth Fig. 224 a, c, d). In the Abietacem 
the number of sporangia is diminished to two, which are placed 
also on the lower side (Fig. 267) of a stamen. The number of 
poUen-sacs (microsporangia) in the Angiosperms is nearh' always 
four to each stamen ; they are longitudinal pi'ojections which are 




Fig. 244. — A Gross section through a quadrilocular anther in diOerent stages of develop- 
ment : s the seam where it bursts open ; vf vascular bundle ; fc connective. B A stamen. 
0 Another stamen seen from the front (f) and from the back (b). 


placed in pairs on each side of the central line of the stamen, two 
on the edge, and the other two generally on the side which is 
turned inwards ; the pollen-sacs generally dehisce longitudinally 
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(quadrilocular anthers, Fig. 244). A few, for instance Orehidacete 
and Asclepiadaceffi, hare only two pollen-sacs (bilocular anthers) ; 
and in others, snch as Solanum and the Ericace®, they open by 
pores; in Lauraceffl and Berberidaceas, by valves. The part of the 
stamen which bears the pollen-sacs is termed the anther. Most: fre- 
quently this is supported by a stalk known as filament. 

Carpels. The simplest forms of carpels are found in Cyea.?. 
In this genus both the foliage and fertile leaves are pinnate, and 
hence present great similarity ; the ovules (macrosporangia) are 
situated on the margin of the central portion, just as the sporangia 
are placed on the edge of the fertile leaf of Ophioglosmm (Pig. 
245, compare with Fig. 209). The carpels of the other Cycadeas 
present greater divergence from the foliage-leaves, being peltate, 
for instance, in Zamia and Ceratozamia (Fig. 246). The ovules' 



FiGt. 213. A carpel of Cycas revoluta with 5 
ovules (s), at half to on 2 -third, uat. size. 



Fig, 240.— Carpel with 2 ovules of 
Ceratozamia rohusta (-h). 


m the Coniferse are situated on the upper side and near the base 
of the ovuhferous scales, almost in the same position as the spor- 
angia in the Lycopodinaa (Figs. 269, 272, 273 JT, compare Pigs. 
2.>0, 239).^ In Taxns the uninolosed ovule is placed on the apex'’of 
a shoot (Fig. 264). In all these plants the ovules are not enclosed 
by the carpels, that is, they are not enclosed in chambers formed 
by the tunimg in of the walls of the carpel, and hence the. name 
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Gymnosioermm is given to tliem. In the higher Flowering-plants, 
the Angiospermce^ the ovules are distinctly situated on the edge, the 
upper surface, or base of the carpel ; but the carpel closes round 
the ovules which are therefore enclosed in a chamber — the ovary. 
In a few cases, for example in the Polygonacese, an ovule is situated 
apparently on the apex of the stem itself, as in the Yew ; in other 
cases, as in the Primulacege, many ovules are apparently devel- 
oped on the apex of the stem, which seems to have been specially 
adapted as a placenta, but it is also possible and correct in these 
cases to suppose that the ovules are in reality developed on 
the carpelsd A single fully-developed carpel or a collection of 
carpels joined together is termed the pistil. The extremity of the 
carpel, i^vhich is specially developed to catch the pollen-grains and 
form a suitable nidus on which they may germinate, is called the 
stigma. The united edges of a carpel which bear the ovules are 
teimied the ventral suture. The back of the carpel forms the dorsal 
suture. The Marsiliacese take a position among the Hydropteridene 
analogous to that occupied by the Angiosperms; the sporangia are 
in a corresponding manner enveloped in a closed leaf. 

The collection of stamens in a flower is termed the androecmm, 
and all the carpels, whether individually free or united into one 
pisfil, the 

The Sporangia. The asexual generation of the Mosses is the 
sporogonium, in which the spores arise in tetrads from the mother- 
cells. The sporangia in the Filimice take their origin either from 
a single cell (Leptosporangiat^e) or, what probably may be regarded 
as an older stand-point, from a group of cells (Eusporangiatge). In 
both cases there may be distinguished in a mature sporangium 
three tissues, which have different significance (Fig. 204): (1) an 
external layer, the sporangium-wall, most frequently composed of 
one layer of cells made up of cells of dissimilar structure, so that on 
desiccation the wall is ruptured and the sporangium opens in a 
definite manner ; (2) an internal group of cells, consisting of the 
developed from an archesporium, and which by 
division into four gives rise to the spores ; (3) a layer of cells 
lying between the two already mentioned, which is dissolved before 
maturity. The intermediate cellular layer, which directly sur- 
i-ounds the spore-forming cells, is in form and contents more worthy 
of note than the others, and is termed the The construc- 

^ It may be here remarked that another explanation is possible, based on the 
study of the development (K) . 
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Fig, 247.— Development of anantRer. A Transverse section of a young anther of Doro/u- 
cim macropliylkm. -The formation of the 4 pollen-sacs commences by divisions of the 
hjpoclermal cells (at m, for instance). These cells divide by pcricUnal walls into external 
cells which only take part in forming the anther- wall ; and internal cells, which corres- 
pond to the Archesporium, and from which the spores are derived. These spore-forming 
cells are drawn with thicker walls in R-E. The commencement of the vascular bundle is 
seen in the centre. B An older stage ; the pollen-sacs already project consitlerubly. It 
is the cells in the hypodermal layer which are active and in which tangential divisions par- 
ticularly occur ; / V vascular bundle, C A corresponding loiigitadinal section. D Trans- 
verse section through an older anther, the thickness of the wall outside the mother-cells 
of the pollen-grains is already increased, and it becomes still thicker by the division of Ihe 
hypodermal cells: its most external layer of cells but one, becomes transformed into the 
** fibrous cells.” E Transverse section of a still older pollen-sac of Menyanthes ; s -ui are 
the mother-cells of the pollen-grains surrounded by thetapetinn (t), external to the tapetum 
is the anther-wall, which is still far from being fully developed. The sub-epidermal layer 
becomes ** fibrous/’ and the cells lying inside it become dissolved, together xvith the tapetum. 


(mtcrospores), in this case also formed in tetrads ; (2) a group of 
, cells surrounding these, of which the internal ones form a tapetal 
layer^ similar to that in the Vascular Cryptogams ; tho tapetum 


tion of the sporangium in the Equisetinm and LyGopodime is in the 
main the same. 

In the Phanerogams the Microsporangia are termed Pollen- 
sacs. They take their origin from a lai*ge group of cells, which, in 
the Angiosperms, lie immediately beneath the epidermal cells of the 
anther. In the developed, but not yet mature, sporangium (pollen- 
sac) there are to be found: (as in the Vascular Cryptogams) (1) an 
internal group of mother-cells which give rise to the ■ poUen- grams 




m 
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and some of tlie cells surrounding it in this group, become dissolved 
before maturity; the more external ones, on the other hand, are 
provided with peculiar thickenings, and form the fibrous layer 
by the aid of which the dehiscence of the anther takes place; 
(8) an external layer, the epidermis, enclosing all the other layers 
(Eig. 247). 

In some Conifera {Cu^ressust TJmja^ and several species of Jimiperus) the 
microsporangia (pollen-sacs), which are situated on the under side of the stamen, 
are covered by a thin structure which seems to be a continuation of the lamina 
and which is supposed to be homologous with the indusium of the Eerns. 

The Ovule in the Phanerogams arises most frequently on a 
projecting portion of the carpel, termed the placenta. The ovules 
(compare the sporangium of the Eu sporangia tae and especially the 





Fig. 248.— Bevelopment ©f tlie ovule in the Red Currant, Mihss ruhrmn, arranged alpha- 
betically in the order of development. A Is the youngest stage, E the oldest, ii Inner 
integument; ie outer integument ; ricniicellus; m archespore (mother-cell of the embryo- 
sac), 

pollen-sac) take their origin from a group of cells ivliich lies beneath 
the epidermis (Eig, 248 A, B). First of all a small papilla is 
formed, which is later on provided with a vasczdar bundle and 
becomes the funicle ; this probably has the same value as the 
projections (“placenta'’) on which the sori in the Ferns are 
attached. Only one • macrosporangium (nncellus Eig. 248 no) 
is developed at the apex of the funicle. This arises by a process of 
cell-division exactly corresponding to that by wdiicli the pollen- 



sacs are formea (Jbig. wim mus uiiLfc5r«iiut! vmy, taac. 

wiiile a great many cells maj be distinguislied in eacli pollen- 
sac, which forms pollen-grains by tetrad-division, only a few are 
found in the ovule, and all these moreover are suppressed^ with, one 
single exception which developes into the macrospore (embryo- 
sac) without undergoing a division into tetrads. The w’-all of the 
embryo -sac, in the G-ymnosperms, may be thick and divided into 
two layers and partly cntieularized, as in the spores of the Cryp- 
togams which are to be set free. In the Angiosperms, on the other 
hand, the wall is extremely thin. 

The pollen-sac thus stands in the same relation to the nucellus 
as the microsporangium does to the raacrosporangium : in the 
pollen-sacs and microsporangia a numher of spores arise by the 
tetrad-division of several mother-cells ; in the nucellus and raacro- 
sporangium, a reduction of the cells already formed takes place to 
such an extent that the number of macrospores becomes one 
{Salvinia, Marsilia^ Phanerogams) or four {Selaginella\ or rarely a 
large number as in Isoetes, 

In the Ferns, as stated on page 210, etc., indusia coveihig the 
soil very often occur. Horsetails and Club-Mosses have no 
indusium; but in all Phanerogams cupular or sac-like structures 
{integuments) are found which envelop the nucellus. These de- 
velops, from the upper end of the funiele (ii and ie^ in Fig. 248 ; 
y and i, in Fig. 249) and enclose the nucellus on all sides as a 

^ sac, leaving' only a 

/'rft 'N. small channel at the 

apex' of the nucellus 
mioropyle — 

' jj through 

V ch / which the pollen- 

^ ^ tube proceeds to the 

Fig. 249.— Various forms of ovules: A an erect ovule ‘^^biyo - saC. The 

(orihotropous); B reversed, (anatropom); C curved (campylo- ovules of the Gym- 
tropous ) : I the nucellus (shaded in all the figures) ; s the em- c va nn1 v 

hryo-sac ; ck the base of the ovule (chalaza) j y and i the F ^ J 

external and internal integuments, the dotted line denotes one integument 
the place where the scar {Mlum) will form when the seed ('jj’jo.g 251 264 269 
is detached from the funiele. \ o * • ? ^ ‘ ? 
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mdiisium of tlie Hjmeiiophyllacege, certain CjatlieaeeaB (Fig. 
212 £7), and Salvinia (Fig. 218) ; that they are really homologous 
with these is probable, but is not proren. Some authorities 
regard them as .structures found only in the Phanerogams. 

The ovule is thus a ‘‘ ’’ (t.e. reduced to 1 sporangium, 
the nucellus) soms, situated on afunicle, and enclosed by one or two 
cupular the integuments. Some of the orules are erect 

(orthotropoiis) i others curved (campylotropom) , the majority reversed 
(miatropous) (Fig, 249). 

[Goebel (1884 and earlier) with Strasburger considered the entire ovule of the 
Phanerogams as homologous with the macrosporangium, the integuments how- 
ever. as new structures in contradistinction to the Perns : the funicle then corre- 
sponds to the stalk of the sporangium. The integuments of the ovule (according 
to Goebel, 1882) differ from the indusium of the Fern-like plants in beiog devel- 
oped from the basal portion of the nucellus and are not, as in the Ferns and 
liso^tes^ a portion (outgrowth) of the leaf which bears the sporangia (/{).] 

The nucellus is the only macrosporangium which never opens: 
the macrospore remains endosedin it^ and the macrosporaugiurii remains 
attached to the mother ~pla?d. It is therefore essential that the 
method of fe^diJlsation which is employed should be very different 
from that of the Cryptogams. The pollen-grains must he transferred 
to the ovule, and retained either by a drop of mucilage at the micro- 
pyle (Gymnosperms) or by the stigma on the carpels (Angiosperms). 
Fertilisation by spermatozoids, which are freely motile in water, is 
abandoned in the Phanerogams. 

Many other modifications, nnkiiown in plants of more simple 
structure, take place, for instance, in the shoots which bear the 
fertile leaves; especially in the form of the stem or thalamus (hypo- 
gynous, perigynous, epigynous) ; in the development of the peri- 
anth which stands in intimate connection with the special means 
employed to effect fertilisation ; with respect to the different 
grades of union found in the leaves; in the union of the flowers 
into, aggregations of a higher order (inflorescences), and at the same 
time the production of “ floral-leaves ” (page 235). 

The sexual generation* The Fertilisation* 

The sexual generation in the Mosses is relatively well developed, 
because not only the protonema, but all the other vegetative 
parts of the Moss-plant, in addition to the ai'*chegonia and anthei*- 
idia, belong to it. In the groups which follow, a gradual but in- 
creasing reduction of the sexual generation takes place, and at the 
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same time an indication of sex is found in the protlialiia, wliieli 
finds expression in the forms of the spores themselves. In the 
majority of cases among the zsosporous YascnJar Chyptogams, the 
sexaal generation — prothallium — is a green, leafy expansion w hi idi 
can sustain itself by the assimilation of carbonic acid, and by tlie 
absorption of nutriment from the soil by means of root-hairs. In 
some plants (Ophioglossacea^, Lycopoditwi annotimmi) the prothaliiuni 
is a subterranean, pale, tubercular body, but in these instances it 
is 1 ‘elatively large. In the heterosporous Yascular* Cryptogams and 
in the Fhaneovgavis, the pi‘o thallium is much more reduced, both, 
as regards its size, and also with respect to the number and struc- 
ture of the antheridia and archegonia, 

1. The Microspores. The prothallium in all Yascular 
Cryptogams which have unequal spores, consists of a single, vege- 
tative (barren) cell, which plays a very unimportant part in the life 
of the prothallium (Fig. 233 J.). In Scdvifiia it is somewhat elon- 
gated and tubular, because it must break thiniigh the sporangium 
(Fig. 214) ; but in othei* cases it is very small and lenticular. In all 
these plants only one antheridium is formed. In Salvinia it con- 
sists of 2 cells whose walls are ruptured in order that the spermato- 
zoids may be liberated (Fig. 2141?, C). In McwiUa, Isoetes, and 
Selaginella the prothallium does not leave the spore, and consists 
for the most part of primordiarspermatozoid-mother-cells 

which on germination are ejected so that the spermato- 
zoids are set free. 

In the Phanerogams, the microspores have from olden times 
been termed pollen-grains. 

In the GYMNOSPERMS the prothallium is reduced to 1, 2 or 3 small 
cells, placed on one side of the mature pollen-grain (at the top 
in Fig. 250 I, XT, and in Fig. 267 N) and which do not play any 
part in the germination of the pollen-grain. The antheridium is 
represented by the remaining portions of the interior of the pollen- 
grain, that is, it consists of a large cell with a nucleus which does 
not even go so far as the antheridium of Selaginella and become 
divided into spermatozoid-motlier-cells without cell-wall, for even 
these cells are not formed. The unicellular antheridium grows, 
on the germination of the pollen-grain, into a tubular body known 
as the pollen-hthe, formed from the inner wvall of the pollen-grain 
(Fig. 2o0), which works its way downi the micropyle to the 
oosphere. fertilisation takes place by diosmosis through the 

cell-wall, anS*consistsTrerrffi of Ihe ‘micieus 
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of the pollen-tube (the sperm-nucleus, male pronucleus) with that 
of tlie oospliere. 

In the ANGLOSPEiJMS the reductions proceed still farther. The 
haiTen cell, which i-epi^esents the prothal- 
lium, w-as in the last group separated from 
the antheridiiim bj a true cell-w'all, but in 
the Angiosperms a membrane at most, but 
no firm cell-wall, is formed. The pollen- 
grain contains two cells, a vegetative and a 
free generative cell. Both these pass into 
the pollen-tube, but the vegetative cell dis- 
appears about the time the pollen-tube 
reaches the ovule; while the generative 
cell divides into two: one, the sperm-nucleus 
coalescing %vith the nucleus of the oosphe)*e, 

. the oth er beiiig absorbed (Lilium, after 
, Guinard). 

The Gjmnosperms prove in yet another 
point that they are more closely related to 
the Cryptogams than are the Angiosperms. 

, When the pollen -grain begins to germinate 
the external wall ruptures as in the Cryp- 
togams (Fig, 250), but in the Angiosperms special germ-pores are 
formed in the cell- wall for the emergence of the pollen- tube. 

2. The Macrospores. The prothallium in Salvinia and JTamZ/a 
is still rather lai*ge, green, and capable of the independent assimi- 
lation of carbon. It projects more or less from the macrospore and 
bears (in Mcir^llia only one, in ISalvmia several) arebegonia, which 
liowever are embedded to a greater degree in the prothallium, and 
are more reduced than the ai’chegoniaof the true Ferns and Horse- 
tails (Figs. 215, 216). The prothallium is still more reduced in 
Isoctcs and Selaginella ; partly because it is smaller and is in a higher 
degree enclosed in the spore, it also contains less chlorophyll, or 
is entirely without chlorophyll, and in consequence incapable of 
independent existence, whilst the number of archegonia is less ; and 
partly because the archegonia are themselves reduced, tlie cells of 
the neck are fewer and embedded to the level of the surface 
of the prothallium -without auy, or with only a very slight 
projection (Figs. 235,236). — Finally, the prothailium with its arche- 
gonia begins to develope in Selaginella while the macrospore is still 
within its sporangium, and before it is set free from the mother- 


Fig. 250.-1 Pollen -grain H 
of Citpressiis ; at the top 
seen one protbalUiim-cell. 
II Germinating; c pollen- 
tuV)e ; a the extine ; h the 
intine. 
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plant. Aftei' the spores are set free and geniiiiiatioii has com- 
nienced, the spore-wall ruptures and the prothalliiim is exposed. 

The GYMNOSPERMS go still further. The macrospore (enibiyo-sac) 
germinates and forms internallj a cellular tissue, designated in 
former times bj the name of albumen (endosperm), which is homo- 
logous ivith the prothallmm. It always Temains enclosed in the 
embryo-sacj and is a parenchymatous mass containing a large supply 
of nourishment. In the upper part of the endosperm a niimbei' 
of archegonia are developed which are in the main constructed in 


-i 


FrG. 251.— Lonf?itudirial sec- 
tion oi: ovule of Alies eana- 
densi^. Inside the integument 
{/) is seen the iiucellns, w ; 
m the micropyle. In the in- 
teiior of the nucellus is seen 
an oval mass of cells, the en- 
dosperm, and at its top two 
archegonia, c. The ovule is 
turned in such a way that the 
micropyle points upwards, 
but usually it turns down- 
ward in the Ahietinecs. 


Fig. 253.— -The apex of the nucellus (a) of an ovule of 
Ahies: llong-ishaped ceils which guide the pollen-tube; 
s the vvall of the macrospore (embryo-sac ) li the neck- 
cells of the archegonium; the ventral canal-cell; anti 
c the central cell (oosphere). The archegonia of the 
Cryptogams should be compared with this (see pages 181, 
208, 216). 


the same manner as those in the Cryptogams, but ai*e still more 
j*educed, the neck consisting only of 4, 2, or 1 cell (Figs. 2ol, 252). 
The ventral canal-cell is also formed, in the majority, as a small 
portion cut off from the large central cell just beneath the neck ; 
the larger remaining portion becomes the oospliei'e. When the 
pollen-tube has passed down to the oosphere (Fig. 253) and fer- 
tilisation has been effected, the oospore commences a cell-formation, 
the final i*esult of which is the formation of an evihryo (the asexual- 
(feneration) which is provided with a thinner, lower end, termed 
the suspensor. The. embryo is forced more or less into the endo- 



8 mH 

»Bi 


sperm in wMck it may rest for a longer or sliorter time, and 
generally is developed to such an extent that it has a distinct 
primaxy-root (radicle) and stem (plumule) with one or more 
embryo-leaves (cotyledons) . 

When the oosphere has been fertilised its nucleus sinks down to its lower end, 
and by repeated division into two, forms four cells lying in one plane (Fig. 253, 
see base of the left arehegonium). Three tiers of cells are now formed by trans- 
verse division of these four. It is the intermediate one of these which elongates 
and forms the suspensor, or four suspensors, if they separate from each other, 
^vhich push the lowermost four cells deep down into the endosperm. It is 
from these four lower cells that the embryo (or four embryos when the suspen- 


IfiGr. 354— -Embry o-sac of 
Carex proecox: syn synergi- 
die; Jch the oosphere; c the 
central nucleus ; mit the 
amipodal cells. 

Fra. 253. — The apes of the nucellus (n) of Abies in longi- 
tudinal section : c, c the oospheres of the two archegonia ; 
the embryo-formation has commenced at the bottom of 
the left arehegonium; s wall of the niacrosx)ore ; p pollen- 
grains ; r pollen-tnbes. 

sors separate) is developed, but never more than one embryo attains full devel- 
opment. As several archegonia are contained in one and the same ovule, all of 
which are capable of forming embryos, there is the possibility that several 
embryos may be developed in a seed (polyembryony), but usually only one 
embryo attains perfect development. 


At the same time that the embryo is being developed, other 
changes are taking place in the ovule, especially in the integument 
which becomes the shell of the seed (testa). The endospeinn grows, 
and the embryo-sac supplants the cells of the nucellus. The^ee<i 
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is now formed, and it consists in its most complete development, 
as in this instance, of three parts : 

(1) The testa of the seed, formed by the enveloping integuments, 
with the remainder of the tissue of the nucelius lying outside the 
embryo-sac (the macrosporangium). 

(2) The endosperm or prothallium. 

(3) The embryo. 

The reduction in the Angiospebms is carried to the extreme 
limit. In the embryo- sac (the tnacrospore) the nucleus by con- 
tinued division produces a prothallium consisting of primordial 
cells (Fig. 254). In the upper end of the embryo-sac (which is 
nearest the micropyle) are three cells, two of which are termed 
the ‘‘ co-opei’ating cells ” (synergidce) and the third is the 
Three others are placed at the opposite end of the embryo-sac and 
are therefore termed the antipodal cells.” Finally, a large cell is 
also formed, which occupies the space between the two groups and 
whose cell-nucleus, the central definitive nucleus, lies in the centre 
of the embryo-sac. These primordial cells are the slight rem- 
nant o£ the prothallium. The entire structure of the archegonium, 
with its neck and canal-cells, has disappeared, and nothing is left 
but the indispensable oosphere. When the oosphere has been 

fertilised, and has com- 
menced the cellular divi- 
1/ sions which lead to the 

/ H formation of the embryo 

/ M 2g 5), the synergidfB 

■ antipodal cells ai-e 

^ absorbed, and a celi-for- 

\%A V I mation begins by a new 

process which emanates 
from the definitive nu- 
^ ^ cleus and' by w'hich a pa- 

255. — Diagrammatic longitadinal section renchyinatoUS cell-tissiie, 

through an anatropous ovule shortly after fertili- tlie nutritive-tissue arises 

satiori; a and i a, re the two integuments; f the i i i ^ i 

funicle ; ?c the nucelius ; S the embryo-sac, with the WillCll may perhaps be 

incipient formation of nutritive-tissue; H the Considered as homologous 
embryo; P the pollen-tube passing through the ‘ 1.1 i r* m 

micropyle (n) to the oosphere. endosperm ot the 

Gymnosperms. The dif- 
ference is that the nutritive-tissue of the Angiosperms is formed 
in two parts with an intervening interruption ; the primary 
nutritive-tissue is, first formed, and after fertilisation is absoi'bed, 
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witli the exception of one cell, which continues the development 
and gives rise to the nutritive-tissue proper, wdiicli is formed in 
the first instance of primordial cells, and later on of a cellular 
tissue ; this nutritive- tissue formed in the embryo-sac is termed 
“ endosperm in a few instances ^ a tissue which is derived from 
the nucellus functions as nutritive-tissue, and is termed peri- 
sperm.” In many plants the seeds, when ripe, contain a veiy 
rich nutritive-tissue, in addition to the embryo, for the purpose of 
its nourishment during germination, These are termed albu- 
minous (endospermous) seeds, in distinction to the ex-albu- 
minous, or those in which the nutritive-tissue is stored in the 
embryo itself, before it is completely developed, and used for its 
sustenance. 

In addition to the changes which fertilisation produces in the 
ovule itself, it also gives the impetus to a series of changes in the 
entire shoot 'which bears the ovule. The perianth, stamens, and 
style, generally wither, because the part they play is at an end ; 
the wall of the ovary grows and becomes the wall of the fruit 
(pericarp). The entire gyna^cium of a flower, transformed as a 
consequence of fertilisation, is termed a fruit. It consists of two 
parts, the 'pericarp and the seeds^ and according to the nature of 
the pericarp, the fruit is teimied a capsule, nut, berry, or drupe. 

The chief characteristic of the Phanerogams does not He in the 
formation of the flower (although they may quite properly be 
termed ‘‘ Flowering-plants ”), because Kquisetums and Lycopods 
have reproductive shoots as highly differentiated as those of 
certain Gymnosperms and other Phanerogams. As regards the 
SEXUAL GENERATION the characteristics are found: — (1) in Jts 
grea^rednctioii ; (2) in the transmission of the microspore (pollen- 
grain) to the macrosporangium, a,nd its germination, with the 
formation of a (antheridium), the protoplasm of which 

is not differentiated into spermatozoids ; (3) in the fact that the 
macrospore (embryo-sac) never leaves its sporangium (nucellus) ; 
and further in the Angiosperms, (4) in the peculiar development 
of the nutritive-tissue in two parts; and (5) in the great reduc- 
tion of the archegoninm. 

As regards the asexual generation the characteristic feature is l 
that this generation is formed whilst the sporangium is still ' 
attached to the mother- plant, and for a long time is nourished by ■ 
it ; and that after the sporangium has become detached from the • 
^ Piperaceas, Nymph^acese. 


250 


CRYPTOGAMS AND PHANEROGAMS. 


iiiother-plant, it spends a longer or sliorter resting period as tlie 
embryo in the seed (enveloped by tlie testa), and does not make its 
appearance until the “germination ” of the seed. In addition the 
si loot which bears sporangia undergoes greater modification than 
in the case of the Fiowerless-plants. 

The Phanerogams are separated into two Divisions as follows 

Division 4. Gymnosperm^. The ovules, as 'well as the seeds, 
are borne naked on the surface of open carpeh, or on the apex of 
a stem (ovary wanting). The pollen-grains are conveyed by the 
wind to the ovules, and caught by drops of mucilage, secreted by 
the micropyle. A “stigma” tvanHng. The entire female prothal- 
lium {the eudospermf which serves for the nourishment of the 
embryo, is formed before fertilisation. The archegonia are em- 
bedded in the upper part if the proihallmm. The pollen-graiiis are 
“ mnlticelhilary^ i.e, there is always in their interior a distinct 
prothal limn, formed by 1-8 cells, ami a larger cell which gives 
rise to the pollen-tube. 

Division 5. Angiospermae, The carpels surround the ovules 
and form an entirely closed chamber (ovary)^ in which the ovules 
mature and ripen into seeds. The surface of a portion of the 
apex of the carpel is transformed into the “stigma,” which, by a 
sticky finid and also by hair-structures, is capable of retaining the 
pollen-grains conveyed to it by the wind, or nioi^e frequently by 
insects. The pollen-tube grows from the stigma, through the 
“conducting cellular tissue” (style), to the ovules. The pollen- 
grains contain two ceils, a vegetative and a free generative cell 
The latter passes into the pollen-tube and there divides into two, 
one of which is the sperm-nucleus. The female prothallium, 
which is intended to serve as nutritive-tissue, is formed after 
fertilisation. Archegonia are wanting. 
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The following characters should be added to those already given 
on page 2 :^ — 

The Gjmnosperms comprise only trees or shrubs. The fiowers 
are always and destitute of perianth (except Gnetacece) ; 

the female plant of Cycas is the only one which has no flower. 
The MALE FLOWERS are constructed on the same type as the cones of 
the Horsetails and Club-Mosses, and are most fretpienihj long slioois 
(Figs. 243, 258, 260 A, 267 J) bearing a number of spiral or verti- 
cillate stamens. The female flowers are of a more varied struc- 
ture (see the orders). The ovule is or tliotropous (except Fodo- 
carpus which is anatropons) and projects from the carpel up- 
rightly, inverted, or horizontally; it has usually only one iniegnme'ut 
(compare how'ever Taxaceae) which proceeds from the upper part 
of the nucellus, so that the embryo-sac in pai*t is placed below 
the integuments (Figs. 251, 264). The drop of mucilage which 
catches the pollen-grains dries up and draws the pollen-grain 
through the micropyle to a space just above the nucellus — the 
poUen-cliamher—iii which the germination of the pollen-grain 
commences. 

In each seed, only one of the many embryos which are formed 
proceeds to its full development. The seed is always endospermo'us^ 
and the embryo has one, two, or a whorl of several cotyledons. 
A vigorous primary root is developed on germination. The 
VASCL LAR bundles in the stem are arranged in a ring, and increase 
hi thickness takes place by a closed cambium-ring wdiich forms 
bast {phluem) externally, and wood (xylem) internally with distinct 
annual rings, as in the Licoiyledons. Only certain of the Cycade<T 
deviate from this arrangement. The secondary tvood is very uni- 
form, as it is almost exclusively formed of traclieides with bordered 
pits, but true vessels are ivanimg ; this also indicates a relationship 
with the Pteridophyta (see page 202). 
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Tlie G-ymnosperras ai'e biologically lower tlian tlie Angiosperms ; 
they are wind- fertilised, and without extra floral-nectaries. 

This Division embraces three classes: CycADfLi, Coniferj:, and 
(iNETfLi. It is no doubt nionophyletic, and has taken its origin 
foom heterosporous Ferns, now extinct, most nearly related to the 
Ophioglossaceae and MarattiacejB. The Cycadein appear to be the 
oldest class. The Coniferfe are related to these through Ginkgo, 
The Gnetacete are more isolated. The Division is not continned into 
the higher Flowering-plants; it has evidently attained its higiiest 
development, and is now in a retrograde condition. The similarity 
which has often been pointed out between certain Conifenn and 
Lycopodinaa is only in analogous resemblances, and does not entitle 
one to sappose that there is a nearer relationship, or that the 
former take their origin fi‘om the lattei*. 

Class 1. Cycadeae. 

The stem is very rarely ramified. The leaves are /aryc, irlnnafe, 
and arranged spirally. The flowers are duecinits, without perianth. 

There is only one order, the Cycadaceae. — In habit they 
resemble the Ferns, especially the Tree-Ferns (compare Figs. 207 
and 256). The stem is tubercular (Fig. 258), or cylindrical (Fig. 
256), but not very tall (as much as about 12 metres), and very 


Fra, 256.— Ci;cis circvmlh (female plant,). The carpels are seen banging from the top of 
the stem. Three lea.ves with the leaflets still rolled up project almost vertically into the 
air, from the centre of the crown., 

rarely ramified. [In Ceylon, unbranched specimens of Cycas are 
rarely met with ih , the wild state. The stems of 0. ciTcinalis 



Fig. 253.— a male plant of Stingeria paradom (about 
iK; nat. size). 


Fig. 259.— Female cone 
of Zamia integvifoUa 
nat. size). The male cone 
is veiT similar externally. 


in Cycas, because tbe carpels do not terminate tbe apical growth of 
the stem. After a group of foliage- and of scale-leaves, a group of 
carpels is developed, which are pinnate and resemble tbe foliage- 
leaves, bearing on their edges a number of ovules (most fre- 
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The LEAVES are arranged spirally, and so closely together that 
no free stem-surface is left between them, and have only a slight 
sheath (which is not amplexicaul, as in the Palms). They are com- 
pound (most frequently pinnate ; in Botvenia, 
bipinnate) ; in some genera the leaves are 
rolled up in various ways, resembling the 
vernation in Perns (Pig. 2*57) ; they are 
leathery and perennial. In some, stipules are 
present, as in the Marattiacem. Grroups of 
scale-leaves alternate in the majority with 
groups of foliage-leaves. 

The FLOWEES are without perianth. The 
MALE FLOWER is sometiines an enormous collec- 
tion of stamens (Pig. 258), wdiich are flat in 
some (Cyca$, Pig. 241), shield-like in others 
(Zamia^ Ceratommia) like the sporophylls in 
Horsetail (Fig. 259) ; but in all, the pollen- 
sacs are situated in large and varying numbers on the back of 
the stamens, and arranged in groups of 2-5, like the sporangia in 
the sori of the Perns (Pig. 241 5, c). Female flowers are wanting 


Fig. 2o7.~Ciicas civ- 
cinnlU. Part of a you iig 
leaf with circinate 
leaflets. 
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quently 5“6) (Figs. 245, 256); the same stem produces succes- 
sively scale-leaves, foliage-leaves, and carpels. The dilferentiatioii 
is not much moi-e advanced than in certain Ferns 
Blechium), where barren and fertile leaves of different form 
regularly alternate. The other genera hare female fimoers; the 
carpels are shield-like in Zamia and Ceratozamla (Fig. 246), 
and collected into cone-like flowers, which terminate the growth 
of the stem (Fig. 259), The number of ovules in these instances 
is two to each carpel. 

The SEEDS are large (most frequently 2-6 centimetres long) and 
plum-like ; the external layer of the testa is fleshy, while the in- 
ternal one is hard and horny. There are two systems of vascular 
bundles in the testa, one outside, the other inside the stone. The 
embryo is straight, attached to the end of the suspensoi’, which is 
often long, filamentous, and rolled up ; it has one or two cotyledons. 

Tbe embryo in Ceratozamia and others is very slightly developed, at the time 
when the ripe seed is detached from the carpel ; and it is not until after sowing 
that its farther development and germination proceed. This calls to mind 
the Cryptogams, especially Selapmella^ whose macrospores are thrown off filled 
with endosperm; but the oosphereis not fertilised till after the separation of the 
macrospore from the parent-plant, while in tbe Cycadeaj fertilisation is effected 
before the separation. In Cycas the testa may rupture, and the endosperm 
grow and become green in the light, even though no embryo has been formed. 
This also is an indication of its prothalloid nature. 

Gum-passages are present in all organs. Collateral vascular bundles, with 
spiral and.scalariform tracheides, are found ; and normal thickening takes place 
by means of a cambium. An exceptionnl mode of growth is found in Cycas and 
EncephalartoSf the cambium ceases to divide after a time and is replaced by a 
new cambium w^hich arises in the cortical parenchyma just outside tbe bast, and 
which forms a new ring of xylem and phloem. This may be repeated so that a 
number of concentric rings are produced. In Ceratozamia^ structures resem- 
bling corals extend from the roots in a vertical direction and appear on the 
surface of the soil; these are peculiar roots, in which a symbiotic Alga 
(Anabana) is found. 

The Cycade5e were formerly (from the Coal period to the Later Cretaceous) 
far more numerous than at the present day. They appear to have been most 
numerous in the Trias and Jurassic. The remnant (75 species) which have 
persisted to the present time are found in all tropical countries. Cycas (Trop. 
and Bub-trop., Eastern Hemisphere) ; Dioo7i (Mexico) ; Macrozamia (Australia) ; 
Mncephalartos (Trop. and B. Africa) ; Staiigeria (Fig. 258, Sub-tr-p. South and 
East Africa) ; Bowenia (Trop. Australia) ; Ceratozamia (Mexico, New Granada, 
Western Brazil) ; Microcijcas (Cuba) ; Zamia (Trop. and Sub-trop. N. America.) 

Uses. Sago is made from the starch-containing pith of Cycas revohita and 
circinalis. The leaves are often used at funerals and church festivals, under 
the name of “ palm-branches.” 
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Class 2. Coniferse (Pine-trees). 

The siem branches freely. The leaves a, re entire, relatively 
small, linear or reduced to scales. The flowers are v/ithout peri- 
anth. The ovules naked. It is seldom that the female flower is 
I'educed to only one carpel. 

Whilst the Cycadese principally resemble the Ferns, the Conifers 
partly resemble the Ly copods, and partly the Equisetums — the 
former especially in the needle- or scale-lihe, leathery, simple, and 
often perennial leaves (“ evergreen plants ”), which never possess 
stipules (Figs. 263, 270, 272). Ginkgo deviates from this, being 
no doubt the oldest, and the Conifer which stands nearest to the 
Cycadea? (Fig. 260). The resemblance to the Equisetums is 
especially owing to the fact that the stem ramifies abundantly, and 
often very regularly, forming a pyramid with verticiliate brancdies. 
In addition to the foliage-leaves, scale-leaves (bud-scales) are 
present in the majority of species. 

The FLOWERS are moncecious or more rarely dioecious. Ferianth 
is wanting. The stamens of the catkin-like male fioivers (Fig. 267, 
J) are of diiferent forms, but as a rule more or less shield-like. 
As in the Cycadese, the pollen-sacs are in all cases situated 07i the 
underside. There are, as a rule, two pollen-sacs (the AbietaceaB, 
Fig. 267), or 3-5, (the Cupressacese and Taxacese, Fig. 243); a 
few have more, e.g. Araucaria (Fig. 242) ; they dehisce by clefts. 

If, in commencing our consideratiou of the female flotoer, we 
begin with that of Ginkgo, we shall observe in the corner of a scale- 
or foliage-leaf a small flower, which consists of two carpels, each 
bearing one ovule, and reduced almost to the ovule itself (Figi 260 
0, D). The flower in Podocarpus is still further reduced, viz. to a 
single cai'pel with one ovule, which is anatropous and has two in- 
teguments. This ovule is situated in the axil of a cover-scale (c, in 
Fig. 262 D), and several female flowers of this description are col- 
lected in a small cone, the stalk and bracts of which become fleshy 
(Fig. 262 C ) . The external integument also becomes fleshy (an aril). 
Dacrydium, which is clearly related to Podocarpus, has an external 
integument which developes more independently as a fleshy aril 
(Fig. 262 P, Microcaohrys also is clearly allied to these : 

the bracts are more fleshy, and the ovule (i.e. the female flower) 
is protruded beyond the bract (Fig. 262 A, Taxus stands 

in a more isolated position : a flower which has been reduced to 
an ovule is situated, in this instance, on the apex of a secondary 
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brancli which is studded with floral -leaves (Figs. 263, 264) ; an ex- 
ternal integument is developed on all sides and surrounds the seed 
as a scarlet aril. According to this conception iJie aril corresponds 
to an external integument^ and the Taxoidein thus possess a partly 
dichlamjdeotis ovule. Only Ginkgo and Cephalotaxus appear to 
deviate from this, as in these there is only one integument (unless 
the small outgrowdh indicated by ar, in Fig'. 260 D, really is a 
rudimentary, external integument) ; in Cycade.®, to which Ginkgo 
is most closely related, there is likewise only one integument. Piut 
in these genera the testa is differentiated into two lay el's, and the 
seed resembles a drupe; like the Cycadem thei'e is an external 
fleshy covering and an internal hard one, and these two layers 
may probably he considered homologous with the two integuments. 
This theory is also borne ont by the arrangement of the vascular 
bundles in Cephalotaxus and Fodocarpus, which present the xylem 
in the fleshy external layer to the outside of the testa, which is 
therefore the upper side of the integument (Celakovusky). 

The coalescence of the integuments into one is only slight in 
Torreya^ more pronounced in Podocarpus and strongest in Oephcdo-' 
taxus and Ginkgo, Celakovsky terms these ovules holochlamy- 
deous.”'.'' ' 

If we pass from these to the order PixoiDEiE, we find the female 
flowers collected into catkin-like cones, which have been considered 
from various points of view to be sometimes single flowers, at 
other times compound inflorescences. The structure in Abietace.® 
is as follows : a number of spirally arranged, scale-iike leaves, 
cover-scales (Figs. 267, 268), are situated on a long axis. In the 
axil of each cover- scale a larger leaf-like projection, the ovuUferous 
scale, is borne, which turns the upper side towards its cover-scale 
(which is shown by the fact that the wood of its vascular 
bundles is turned downwards and towards the wood in the bundles 
of the cover-scale : Fig. 269). Two ovules, with micro pyles turned 
towards the central axis, and with apparently only one integument 
(Fig. 268), are situated on the dorsal side of each ovuliferous 
scale, i.e. the side turned away from the cover-scale. The ovuli- 
ferous scales grow after fertilisation, into the woody or leathery 
‘‘ cone-scales,” which are usually much larger than the cover-scales. 
This ovuliferous scale with its axis may, according to Celakovsky, 
be considered as a dwarf-branch which is situated in the axil of 
the co-ver-scale^, and beat's two ovules (in the same way as in 
Ginkgo, one long-stalked flower,, reduced to two ovules, is situated 
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in tlie axil of a leaf), and w this case the external integument of the 
mules is expanded into leaf^like bodies, wliicli bave united to form 
one symphyllodiimi ” (^omdiferous scalef wbieb is inverted so tliat 
its dorsal side is turned upwards and bears tbe nucellus and 
the other integument (“ liemicMamydeous ” ovules). The carpel 
itself is therefore in this instance extremely reduced. The keel, 
QT (in Finus) mucro” (Fig. 268 5), which is found in several 
genera, represents then a third carpel, which is sterile. In the 
other orders of the Pinoidem the cover-scales and ovuliferous scales 
grow more and more together and finally form one structure, which 
also is termed a “ coneiscale,” although from its deveiopment it 
cannot be homologous with the cone-scales of the Abietacea^. 
This connation is least in the TixoDiACEiE and Aeaucabucejc and 
may be traced on the upper surface of the “cone-scale’’ by the 
presence of a stronger or slighter ridge or pad, the free portion 
of the ovuliferous scale (Figs. 256, 266, 269). It is most strongly 
l^ronounced in the CuPRESSACEiE, in which the two scales form one 
single stracture, the cone-scale (Fig. 274), The vascular bundles 
in the under portion corresponding to the cover-scale, have the 
xylem towards the upper side as usual in leaves, whilst the bundles, 
present in the upper side of the cone- scale, which thus represents 
the ovuliferous scale, turn their xylem downwards. The hemi- 
chlamydeous ovules are then situated on the np'per side of this 
cone-scale. According to this theory the Oupressace appear to be 
the yonngest type, a view which corresponds with their vegetative 
structure. If there is only one ovule in these orders as in AgatJids 
(Fig. 265) and Araticaria^ then the flower is reduced to a single 
carpel and one ovule, as in the case of BacrydiummaA Miorocaclirys. 
If txYO or more ovules are present, then the same number of carpels 
may be supposed to exist, the external integuments of their 
ovules being developed into leaf-like structures which collaterally 
coalesce to form a “ symphyllodium,” or are suppressed. 

According to this theory, which is based on the researches of 
Celakovsky, the female flowers of the Coniferm may be classed 
thus : — 

1. In all cases situated in the axil of a bract and colleeter] into 
cones, with numerous flowers or with few, or one flower. In Ginkgo 
onlj^, are they situated in the axil of foliage- or scale-leaves. 

2. It is only in Taxus that hracteoles are present. 

3. They are formed only from rudimentary carpels, in which the 
stem takes no part. 

w. B, 
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4. The number of carpels in each flower varies from one to 
raaiiT, most frequently three, of which the central one remains 
sterile. 

5. Each carpel bears only one ovule. The flower which is 
formed of only one carpel appears to consist of only one ovule. 

6. The ovule has in Taxace^e either a double integument 
(Podocarpeaa, Taxeje), of which the external is the '‘aidl,'’ or, as 
in the Cycadeee, a single one, which is homologous wdtb the two 
united togetlier. 

7. The external integument in the Pinoidem is expanded to 
form a leaf-like structure — the ovuliferous scale — and bears on its 
dorsal side the ovules, which are thus only provided with one, and 
that the inner, integument. 

^ TLis later interpretation of the female cones in the Coniferae is more pro- 
bably correct than the older ones ; that, however, which appeared in the former 
issues of this book, may also be stated. It was to the effect that each catldn- 
iike female cone is in reality a single flower ; the cone-scales in the Cupressaceie 
were single leaves, namely carpels, which bore the ovules on the side which is 
turned upwards ; the division into two parts which makes its appearance in the 
other orders, and becomes most prominent in the Abietaceie, was compared 
with the division of a leaf into a barren and a fertile portion, which is found 
especially in Ophioglossaceae and Marsiliaceas, or with the ligule in Isoetes, 

Pollination is accomplished by means of the wind. At the 
period of pollination the leaves are always so widely separated 
from one another, that the ovnles can catch the pollen-grains 
carried to them by the wind ; this is often effected by the mucila- 
ginous drops which appear at the micropyle, and by tlie evapo- 
ration of wliicli the pollen-grains are brought in contact witli 
the nuceilus. The entire cone grows considerably as soon as 
fertilisation has taken place, and the cone-scales in Pinoideic 
close together so that the seeds while maturing are enclosed, and 
it is not until the seeds are ready for distribution that the cone- 
scales again become separated. In the Pinoidea?, the fully deve- 
loped ovuliferoiis scales are hard and woody ; and in this condition 
the collection of female flowers is termed a cone. In the TaxoideJB, 
true cones are the exception. 2-15 cotyledons are present, ar- 
ranged in a whorl. 

The characteristic feature of this class is the abundance of 
which is, to be found in isolated cells (especially in the 


COKIFEM. 259 

cortex), partly in intercellular glands or passages (botli in the 
cortex and wood). Taxus is the only genus which has no resin. 

There are about 350 species, mostly from the Northern Temperate zone 
(especially North America and Siberia), where they grow gregariously and form 
the most northern forests. The Juniper, Scotch Fir, and Yew are natives of 
Great Britain. 

This class may be divided into two families 

1 . Taxoideae. The ovnles have either one integument, the 
external part of which is flesh 3 ^, and the internal hard and stone- 
like ; or two integuments, of which the external is the fleshy and 
coloured ‘‘aril.” “Ovuliferous scales ” are wanting. The cones 
are never woody, but are generally succulent, the bracts become 
fleshy, or cones usually are not developed. The seeds project more 
or less freely beyond the bracts. 

2 . Pinoidese. The ovules have two integuments, the external 
one of which is leaf- like and becomes developed as the “ ovnli- 
ferous wscale ” ; i£ there are several of these in each flower they 
unite and form a “ symphyllodinm.” This may remain free or 
unite with the bract. ' The cones are most frequent!}^ woody, 
rarely succulent. The seeds are hidden among the cone-scales. 

Family 1. Taxoidese. ' 

This family, considered to be most nearly related to the Oycadeo?, 
also made its appearance at a very early period. There is only 
one ordei*.. 

. Order. Taxaceae. The characters have been given above. 

A. CEPHALOTAXEiE is the oldest group, presumably the connect- 
ing link between tlie Cycadeee and the other Coniferse. The flower 
consists normally of two ovules. Aril wanting. One integument. 
Seeds drupaceous. — The flowers in Ginhgo hiloba (Salishitna) 
«re situated in the axil of foliage- or scale-leaves'. The stamens 
bear only two pollen-sacs (Fig. 260 A), The female flower has 
two ovules, placed together at the end of a long, bare axis (Fig. 
260 C). Round the base of the ovule a small collar (ar, in Fig\ 
260 R) is found, which may probably be considered homologous 
with the collar-like outgrowth which vsurrounds the base of the 
Cycas-ovule. The seed resembles a Plum, and has a fleshy external 
coat, surrounding a hard internal layer. The embryo is developed 
after the seed has fallen off. The Grinkgo-tree has long-stalked, 
fan-shaped leaves, more or less indented, with dichotomous veins 
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resembling certain Ferns — the Adiantnnis. It is a native of Bast 
Asia, and the only surviving species of & genns wliicli in earlier 


Fig. 2Q0.—Gml'go (nat. size) : A a branoli with a small flowering dwarf -branch (male 
flower); B a leaf ; C a flower with two ovules /Da ripe seed; ar collar. 

times was very rich in species, and distributed over the entire 
hTorthern Hemisphere. Cephalotaxus (Eastern Asia) is related to it. 

B. PodocarpejE. The female flower is reduced to one ovule, 
placed in the axil of a bract, or a little forward upon it. The ovule 
has an aril (2 integnnients). — -BJiyllocladm 
(Fig. 261), from IsTew Zealand and Tasmania, 
lias obtained its name from its flat, leaj^-Mke 
hraiicJies, the leaves proper being scale-like 
(/). The ovules stand evert in the axil of 
the scale-like leaves (c), and sevei^al are 
collected at the end of short branches. — 
Microcachrys tetragona (Tasmania) has a 
small female catkin with several spirally- 
placed, fleshy bracts, at the end of whic 
the in-ward and downward tnrned ovule is 
attached (Fig. 262 A, A'). The ripe cones 
are red, snccnlent, and resemble Straw- 
berries. — In Bacrydium (Tasmania, Hew 
Zealand, Malaysia) the female cone has most 
frequently only 1-2 (-6) bracts, which re- 


Fig. 261. —Phyllocladus 
glaucus : a branch with 
female flowers (nat. size). 
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semble the vegetative leaves ; they have also a fleshy aril (Fig. 

(40 species, East Asia, S. Temp.); the 
bracts of the female flowers become fleshy, and unite together ; 
only 1 or 2 are of nse in supporting the floweis. The ovules 


Fig. 262.“A Microcnclivys : female cone (-). A' A single carpel with its ovule. B 
Vncrydium : branch with female flower (f). B' The flower ; cp the bract ; ar the aril ; ov 
ovule. CPodooarjnis: female flower with 2 ovules. JD Another female flower vrith 1 ovule, 
in longitudinal section. 

project high above the apex of the bract, and are anatropous^ 
micropyle being turned downwards (Fig. 262 (7, P). An aril 
commences to develope in the flowering period as an 
coating, and later on it becomes fleshy and coloured, 

G. Taxeje. The female flower is reduced to one ovule, which is 
situated terminally on an axis which bears 2-3 pairs of opposite, 
scale-like bracteoles ; on this account the Taxeo3 form a 
isolated group among the Coniferje. 

— Taxus (T. haccata, the Yew-tree). 

Dkecious, The female floiver con- 
sists of only one ovule, placed 
end of a short secondary branch 
(Fig. 264), which is studded .with 
scale-like leaves. The aril when 
ripe is thick, fleshy, and scarlet 
(sometimes yellow), and only 
loosely envelopes the seed (Fig. 

263). The leaves are scattered, t . 

2fia. — Traafusj Mficctia .* branch 

flat, linear, and pointed (Fig% 263, 
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USES, laxm haceata is usually planted in gardens, especially in 
Its wood IS very hard and is used for wood-carving. The shoots are po 
but not the aril, which is often eaten by children and by birds. 

Family 2. Pinoidese. 

The four orders differ from one another partly in the ar 
ment of the leaves (OupressacecB have opposite or vertici 
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264). The short male flowers have 5-8 pollen-sacs, pendent from 
the stamens, and are surrounded at their bases by scale-like 
bracteoles (Fig. 243). Tarreya (4 species, N. America and Japan) 
is closely allied to Taxtis. The aril ultimately fuses with the 
woody inner integument, and hence the ovule becomes drupaceous, 
as in Cephalotaxese. ’ 


Fie. 26(.-T»;«s haemta, A shoot of T«..s with female flowers at the time when tho 
V es are ready for pollmafaon. B Leaf with flower in iis axil (nat. size). C Longitudinal 

of primary shoot; a commence- 

mentof aiil; 'i integument; iinucellus; m micro pyle. 
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placed leaves, flowers, and infioresceiices ; in the others they are 
placed spirally), but chiefly in the greater or less degree of union 
which takes place between the female flower (the leaf-like “syni- 
phyllodium”) and its supporting cover-scale, and in the position of 
the ovoles (the micropyle being turned upwards or downwards). 
The “cone-scales” in Ahietacece are formed by “ symphyllodia ” 
alone, in the others by their union with the cover-scale. 

Order 1. Araucariaceae. This order most frequently has 
solitary ovules, turned doivnwards and attached to the centre of the 
cone-scales. In Agathis (BammarcC) the arrangement is the most 
simple, a winged seed (Fig. 265), which hangs freely downwards, 
being borne in the centre of the undivided cone-scale. In Aran- 
ccada, the stamens with the free, pendidous pollen-sacs have been 
represented in Fig. 242 ; the ovnliferons scale is united for nearly 



205 . — Agathis (Vammm'a) australis, Cone-rscale with the seed. J Longitudinal 
section ; A' from wnthin ; fo, fv' vascular bundles ; v wing. 

Fig. 2GG.~~Cunniti<jhamia siuensis. Cone-scale with three ovules, interior view’- : cl cover- 
scale; / 0 villiferous scale. 

its whole length wifcli the bract, and projects fi’om its apex in the 
shape of a sheath-like, dentate scale, resembling the lignle in 
Isoetes, and may therefore be termed a “ ligiile.” Araucaria (S. 
America, Australia.) has often rather broad leaves (d. hrasiliensisf 
The ovnliferons scale in Ounninghamia is more distinct, and 
stretches transversely over the entire cover-scale ; it bears three 
inverted ovules (Fig. 266) (Eastern Asia). 

Dammara -resin, which is used for varnish, is obtained from Agathis 
{Dammar a) species (New Zealand, Philipiine Islands). 

Order 2. Abietaceae (Pine and Fir Trees). The leaves 
are spirally arranged and needle-like. The flowers are monceoious. 
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TLe male flowers are long, and catkin-like, with iiiimeroas stamens, 
each bearing two oblong pollen-sacs. Tlie pollen-grains are most 
frequently tri-lobed, having two bladdej'-like appendages, formed 
us outgrow^ tbs of the exospore, to assist in their distribution by the 
wdnd (Fig. 267 A'). The bracts are airanged spirally. The union 
between the bz*act and the ovuliferous scale, w’hich is found in the 
preceding order, is not in this instance so complete ; these scales 
make their appearance as two free parts, and are attached only 
at their bases (Fig. 268) ; the louver portion, that is the cover- 
scale, in most instances remains quite small (Fir, Red Pine, and 
others), it is only in the ‘'Noble Pine ” (J^ih^) and Fseudotsuga 



Fig. 207. — A-G Fseudotsuga douglasii : A cone, B cone-scale, with the inner side 
turned forward ; the points of the cover-scale are seen behind it; C~G transitions from 
the acicular leaf to the cover scale, from the base of a? cone. H Puius montana. Young 
ovuliferous scale, with the inner side turned forward; the ovules are now in the stage for 
pollination. J-M AUes alba : JT male cone ; h bud-scale ; a anthers ; K LM individual 
anthers . — Finns montana : N pollen-grain ; the two lateral expansions are the air- 
bladders ; in the upper part of the interior of the grain a vegetative cell may be seen, 
and in the centre the large cell-nucleus. 

(louglasi% that it attains a greater length than the ovuliferous 
scale (Fig. 267, B-G). On the other hand the upper part, the 
ovuUfero'Us scale (the vascular bundles of wbich have the bast 
turned upwards), grows strongly and elongates, especially after 
fertilisation, becoming woody or leathei'y ; it is commonly termed 
the “ cone-scale, but is in reality only homologous wdth a part of 
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tlie cone-scale” in tlie other order of Pinoideaa. On the side 
of the ovuliferoiis scale, turned towards the axiSy are situated two 
ovules with inicropyles directed . imvards. The seeds are most 
frequeiitlj provided with a false loing (a tissue-like part of the 
surface of the ovuliferous scale). Cotyledons, onore than 2, 
veriicillate. Fertilisation does not take place until some time after 
pollination. In Finus., for instance, the pollen-tube only penetrates 
the nucellus for a short distance during the year of pollination, and 
then ceases its further growth, fertilisation not taking place until 
after the middle of the next year; whilst the seeds ripen about a 



Fig. 26 S.— .4 Abies: c the cover-scale ; « ovuliferous scale, or “ conc-scale”; sh ovules in 
a young condition. B Piaus ; ovulifei'ous scale with two ovules (s) ; m the two-lobed 
micropyle; c “ mucro ” ; b the cover-scale behind. C Abies : ripe “cone-scale *’ with two 
seeds (.sa); / wing of seed. 

year and a half after pollination. In the Larch and others, the 
seeds are mature in the autumn succeeding pollination. 

Abies (Fir). The leaves' are often {e.g. Ah. pectinata) displaced 
into 2 I'ows, flat and indented at the apex, with 2 white (wax- 
covered) lines on the under surface, in which the stomata are situ- 
ated. The leaf-scars are nearly circular and do not project. The 
cones are erect. The cover-scales and the ovuliferous scales separate 
from the axis, to which they remain attached in other genera. — 
Tmga has leaves like Abies, but by the slightly projecting leaf-scars, and cones 
with persistent scales, it forms the transition to Picea.—Tseudotsuga has leaves 
similar to those of Abies and persistent carpels as in Picea, but the cover-scales 
grow as in Abies and project beyond the ovuliferous scales (P. douglasii. Fig. 
267). These two genera are considered as sub-genera of Abies. — Ficea. The 
loaves project on all sides, square and pointed ; the leaf-scars are 
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rhombic, on projecting leaf-cnshions. The cones are pendulous. 
The cover-scales are much shorter than the leathery, persisting 
ovLiIiferous scales. — The genus Larix (Larch) dih:*ers from all the 
others in having deciduous leaves (the three preceding have 
leaves which persist for eleven to twelve years). It has long- 
hramhes with linear foliage-leaves and short, thick, perennkd 
dwarf-hrmiches, which each year form a new rosette of foliage- 
leaves, similar to those on the long-branches. The male flowers 
and the erect cones resemble those of Ftcea, and are borne on 
dwarf-branches.— (Cedar) resembles Larix to some extent, 
but has persistent leaves (0. Uhani, G. deodai^a). — Pimis (Pine) has 
long-branches and dwarf-branches. The leaves of the long- 
branches are scale-like and not green; the dwarf-branches have 
verj limited growth, and pei'sist for three years; they arise in 
the axils of the scales borne on the long-branches of the self- 
same year, and each bears 2-5 foliage-leaves, they are also sur- 
rounded at the base by a number ot membranous bud-scales. 
The cone-scales have a rhomboid extremity (the ‘^shield”). 

The biitls which develope into long-branches arise at the apex of other long- 
brauches, and being very close together, form false whorls. The female cones 
occupy the position of long-branches, and take about two years for their develop- 
ment. The male flowers arise close together, and form a spike-like inflorescence 
at the base of a long-branch of the same year. The male flowers occupy the 
position of dwarf-branches, so that a female cone may be considered to be a 
modified long-branch, and a male cone a modified dwarf-branch. The main 
axis of the seedling hss needle-like leaves, similar to those found on the older 
parts, and on dwarf-branches ; it is not until some time later that the dwarf- 
branches are developed and the permanent arrangement attained. 

Uses. Several species are commonly cultivated in this country, partly ou 
heaths and moors, and partly in plantations and as ornamental trees, such 
as Mountain Pine {Plrma montana, Cen. Ear,); Austrian Pine {F, laricio^ 
Eur.) ; Scotch Fir (P. silvestris^ Eur.) ; Weymouth Pine (P. strobus, N. Am.) ; 
common K,ed Pine {Picea exceUa, Cen. and N. Eur.) ; White Pine {P. alba, N. 
A.m.) ; Abies pectinata (Common Fir, S* and Cen, Eur); A, nonlmannlina 
(Crimea, Caucasus); A. balsamea (M. Am.); Tsuga caradmisis (N. Am.); 
Pseudoisuga dougladi (W.N. Am.) ; Larch {Larix europaa, Alps. Carpathians) ; 
L. sibirica (N.E. .Russia^ Siberia). — The wood of many species, especially Pine, 
on account of its lightness and because it is so easily wo ked, is very well 
adapted for many useful purposes. The wood of the Yew-tree is very hard 
and is used for ornamental turning. Resin and Turpentine {i.e. Resin with 
essential oils, the name being derived from the Terebinth-tree, from which 
formerly a similar material was obtained) are extracted from Finns larido and 
P, pinaster. Oil of Turpentine is obtained by distillation of turpentine with 
water; Tar by dry distillation of Pine-wood. Canada-balsam is from North , 
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American J 5'ic,?-siJecies (A, halsamea and Fraseri), The officinal Turpentine 
is mainly obtained from Plnus p master {South of France), P. fada, austyalis, 
strobus (Weymouth Pine) and other North American species; more recently 
also from P. silvestrls {Bcotoh Fir), maritima^ laricio, Picea exceUa, and others ; 
Venetian Turpentine, from Larch (S. Eur.) Amber is resin from a Tertiary 
•plmt {Pityoxylo7i succiniferum)^ closely related to the Pine, which grew especially 
in the countries round the South-East coast of the Baltic. Pinus pinea (the 
Pine, S. Ear.) has edible seeds and also P. cemhra (in Cen. Ear. and Siberia). 


Order 3. Taxodiacese. The vegetativ 
are arranged spirally. The ovales (2-9) 
are situated either at the base of the 
oviiliferous scales, in which case they 
are erect; or at their centre, when they 
are generally more or less inverted. The 
ovuliferons scale is more or less united 
with the cover-scale, and projects be- 
yond the surface of the cone-scale, like a 
comb (Fig. 269). The vascular bundles, 
which extend into the cover-scale, have 
the usual leaf-arrangement, viz. the 
wood placed above the bast ; wdiile those 
bundles which enter the ovuliferous 
scale have this arrangement of the 
bundles reversed. 


6 leaves and cone-scales 
I 



Fiu. 269. — Crypiomeria ju- 
ponica. Portion of longitudinal 
section through female flower. 
d cover-scale ; / ovuliferous 
scale; ov ovules; fv and fo* 
vascular hiindles; the xyleni is 
indicated by a wavy line, and 
the phloem by a straight line. 


Taxodium disiichnm (the North American “Swamp Cypress”) has annual 
dwarf-branches, with distichous leaves, and cone-like “ pneumathodia.” In the 
Tertiary period it was very common in the Polar regions. Sequoia {Wei liny - 
tonici) gigantea is the famous Californian Giant-Fir, or Mammoth-Tree, which 
attains a height of 300 feet, a diameter of 36 feet, and is said to live for 1,500 
years. yajpowma (Japan, China) has the least adn ate ovuliferons 

scales ; Glyptostrobus (China) ; Arthrotaxis (Tasmania) ; Sciadopitys verticillata 
(the only species in Japan) has, like Pinus^ scale-like leaves on the long-braiiches, 
of which those which are situated at the apex of the annual shoots support 
“ double needles,” i e. dwarf- branches similar to the two-leaved dwarf-branches 
in Finns, but without bud-scales, and with the two leaves fused together at the 
edges into one needle, which turns its upper surface away from the iong-braneb. 

Order 4. Cupressaceae (Cypresses). The leaves are opposite 
or verticillate, sometimes acicular, but most frequently scale-like 
(Fig. 270). In the species with scale-like leaves, the seedlings 
often commence with acicular leaves (Fig. 272),' and branches 
are sometimes found on the older plants which revert to this 
form, seeming to indicate that the acicular leaf was the ori- 
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giiml form (atavism). The so-called Betinospora '' species are 
seedling-forms of Biota, Thuja, Chammcyparis, ivlaioh have been 
propagated by cattings, and retain the seedling-form. The flowers 
are nionoecioiis or dioecious. The male flowers are short, and 
have shield-like stamens, bearing most frequently several pollen- 
sacs. The cover-scales and ovuliferous scales are entirely fnsed 
together and form undivided cone-scales, opposite or ivhorled] the 
oviiUferous scales have slight projections near the base on which 
l-2~-several erect ovtiles are developed (Fig. 274). Most freqneDtly 
2 cotyledons. — trees and shrubs. 


Fig. 2>7(i.~Capresms Fig. 271. —Portion of a branch Fig. 272.— Seedling of 

goveniana, of Thuja orientalisi (magnified). Thuja, oGcidentalis. The 

The leaf at the base on the right branch [g) is borne in 
has a branch in its axil. the axil of the leaf s. 

Juniperns (Juniper). Bicecions. The cone-scales become fleshy 
and fuse together to form most frequently a 1-3 seeded 
berry-cone. ^ J. communis (Common Juniper) has aeicnlar leaves, borne in 
whorls of three, and the “ berry-cone ” is formed by a tiimerous whorl of cone- 
scales (Fig. 273). J* sahinq, and «/, virginiann have “ berry-cones” formed from 
several dimerous whoids of cone-scales ; the leaves are connate and opposite, 
needle- and scale-like leaves are found on the same plant. 

Cupressus (Cypress). Monoecious. The cones are spherical ; the 
cone-scales shield-like, generally five-cornered and woody (Fig. 
270), each having many seeds. The leaves are scaledike. — Thuja. 
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^[oimcious: Cones oblong. The cone-scales are diy, as in the 
Cypress, but leathery and imbricate, and not sliield-like ; each 
cone-scale bears 2-3 seeds. The leaves are most frequently 
dimorphic; those leaves -wdiicli are situated on the edges of the 
fiat branches are compressed, and only these bear buds, which 
are developed with great regularity, generally alternately, on both 
sides of the branch ; those which are situated on the flattened 
surfaces are pressed fiat and broad, and never bear branches 
(Fig. 271). Along the central line of each leaf there is a resin- 
canal (Fig. 271 ). — G ham cecy parts ^ Callitris^ Lihocedrus, Thujopsls (1 species : 
T.dolabrata; in Japan). 


.Fig. 273.— Branch of Juniper with Fig. 27r, — Capress us lawsoniaan. Lonci- 

“ berry-cones.” tndinal section througrh female cone. Two 

ovules (ov) are bisected ; / ovuliferons scales. 

Jiinipcnts sahina from Central and South of Europe (the young 
branches yield an essential oil). The wood of J. covuminis is used in the 
production of an essential oil, and J. oxycedrits in the production of empy- 
reumatic oil. The *• berry-cone ” of J. communis is officinal, and is also uped 
for gin.— The wood of J. virgiviana (N, Am.) is known as red cedar, and is 
used for lead-pencils. Sandarack resin is obtained from CaUitris quadrivalris 
(N.W. Africa). 

Thf following aee cultivated i:? gardens: — Thuja occidentalis (Arbor vit®) 
(>^. Am.), and orientalis (China, Japan); Juniperas saldna and virginiana; 
Thtijopsis dolahrata (Japan) ; Ciipressus lawsoniana (California), C. sempervireus 
(S. Eur., W. Asia), and other species, are grown especially in conservatories, 
and in Southern Europe particularly in cemeteries. — The Retinospora species 
which are so often planted, do not belong to an independent genus, but are 
obtained from cuttings, taken from seedling-plants with acieular leaves (see page 
267 ), 
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placed ovule, which, is provided with one, or (in Guetum) two, 
integuments, and pai’tly owing to the fact that the wood has true 
vessels. There is only one order. 

Order. Gnetaceae. The three known genera differ very much in appear- 
ance. IVelwitschia mimhilis (from the deserts of South Western Africa) is the 
oldest (?) genus now living. It resembles a giant radish, in that the hypoeotyl 
is the only part of the main axis of the stem which becomes developed. It 
attains a circumference of upwards of four metres with a length of i-g of a 
metre. It bears oulij two oblong, leathery leaves (Fig. 275) which are torn into 
segments at the apex and lie on the surface of the soil ; these are the two first 
foliage -leaves which succeed the cotyledons, and they are remarkable for their 
enormous length (upwards of two metres) as well as for their long duration, 
living as long as the plant itself. In their axils are situated the 4-rowed, spike- 
like male and scarlet- coloured female cones, upon dichotomous branches. The 
perianth consists in the $ of 2 alternating pairs of leaves, the inner ones of which 
are slightly united. The andrmcium likewise consists of 2 whorls : the external 
(transverse) with 2, the internal with 4 stamens ; the lower halves of the 6 
filaments uniting to form a cup. Each of the terminal anthers corresponds to 
a sorus of 3 sporangia, the sporangia being fused together, and opening at the top 
by one three-rayed cleft. In the centre of the -flower there is a sterile 
ovule. In the $ -flower a perianth of two connate leaves is present . — Ephedra 
(desert plants, especially in the Mediterranean and W. Asia) at first sight re- 
sembles an Equisetum\ the stems are thin, long- jointed, and the leaves opposite, 
small, and united into a bidentate sheath; <? -perianth of two connate leave's 
(median leaves) ; 2--8 stamens united into a column. Each anther is formed 
of 2 sporangia (is bilocular). $ mainly, as in WelwitscMa. The seeds are sur- 
rounded by the perianth which finally becomes red and fleshy. There are 30 
species.— Gnetum has opposite, lanceolate, pinnately-veined, leathery leaves. 
They are mostly climbers (Lianas) from Tropical Asia and America. The de- 
flowers have a tubular perianth, (formed from two median leaves) which 
surrounds a centrally-placed filament, bearing 2 anthers. In tbe ? - flower 
there is a similar perianth, surrounding an ovule provided with 2 integuments. 
The perianth becomes fleshy and envelops the hard seed. 20 species. 

From the circunistance of IFelivitschia having d flowers which, bssides 
stamens, possess also a rudiment of an ovule, Celakovsky draws the inference that 
the earliest Gymnosperms had hermaphrodite flowers which from this structure 
became differentiated entirely into d - and $ -flowers, with the exception of 
WelwiUchia only, in which this differentiation was only carried out in the $ - 
flower. This theory has so far been scarcely proved. 

Fossil Gymnosperms. 

The earliest continental plants which are known belong to the Cobdaitace.^, 
a group of plants which existed as early as the Silurian period ; they were 
Gymnosperms, hut it has not yet been determined whether they were Cyeads or 
Conifers. The Cycabs, even in the Coal period, were scarce ; they attained their 
fullest development in Jurassic and Cretaceous periods, during which they were 
rich in species and genera, and extended as far as the Polar regions. In addition 
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to these, Taxaeeic, Abietaeere, and Taxodiace» appeared in the Carboniferous 
period. Tlie Tax.ice.e appear to have attained their enlmiuation in tlie 
■Jurassic and Cretaceous periods; Ginkgo appears in the Ehaitio ; Torreya, in tiie 
Cretaceous; Taxiin and Podocarpiis in the Tertiary periods. The A'iiiET.AOE.ri 
also appear in the Carboniferous ; Films was first Imown with certainty in tlie 
English Weald and in the Cretaceous ; almost all other contemporary genera are 
represented in this latter period. The ARACo.iEi.iCE.i; first appear, with certainty, 
in the Jurassic. The T.axodiace.e may be traced back as far as the Carhouii 
ferous (?) ; Sequoia is first found in the lowest Cretaceous, at that period it 
spread throughout the entire Arctic zone, and being refrresented by a large 
number of species, formed an essential part of the forest vegetation. Sequoia 
played a similar part in the Tertiary period. The Ccpeessace.e are first 
known with certainty in the Jurassic, but they appeared more frequently and 
numerously in the Tertiary period, in which most of the present living genera 
were to be found. ^ The Gnetace.e, according to a theory advanced by Eenault 
were represented in the Coal period by the genus Steqihanospermuin, which had 
four ovules enclosed by an envelope. 
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ANGIOSPERMiE. 

See pages 3 and 224. To tliis Division "belong the majority 
of the Flowering - plants. They are divided into two parallel 
classes, the Monocotyledons and the Dicotyledons, which diifer 
from each other not only in the number of cotyledons, wdiich, with 
a few exceptions, is one in the former, two in the latter, hut also 
in the internal structure of the stem, the venation of the leaves, 
the number of the parts of the flower, etc. Assuming that these two 
classes have sprung from a common origin, it is amongst the Helobiefe in the 
first, and amongst the Poiycarpicffi in the second class that we might expect 
to find closely allied forms, which might reasonably be supposed to have varied 
less fr m this original type. As for the rest, they seem to stand quite parallel, 
without exhibiting any close relationship. It is scarcely proved that the 
Monocotyledons are the older class. 

[Our knowledge of the forms included under the Angiosperms 
has recently been considerably inci'eased by Treub {Ann. d. Jar. 
Bot. d. Buitenzorg, 1891), who has shown that the Casuaririas diifer 
in many important points from the typical Angiosperms. Among 
other characters the pollen-tube is found to enter the ovule near 
the chalaza and therefore at the opposite end to the micro pyle, 
and Treub therefore suggests that these plants should be placed 
ill a subdivision termed Ohalazogams. 

According to tbis view the principal divisions of the Aiigio- 
sperrns would be represented thus : — 

Angiospermse. 

Sub-division, Sub-division. 

Chalazogames. Porogames. 

Class. Classes. 

Chalazogames. Monocotyledones, DIcotyledones. 

More recently Nawaschin (Bull. Acad. Imp. Sci. St. Petersh., 
ser. iii., xxxv.) has shown that Behda^ and Miss Benson (Trans. 
Linn. Soo., 1894) that Almis^ Oorylus^ and Carpinus also belong to 
the Cbaiazogams. 

w. B. , T 
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Oar knowledge, liowever, is still so incomplete tkat one would 
kesitate to accord the full systematic value which Dr. Trenb 
attaches to his discovery until the limits of the Chalazogamic 
group are better defined ; and it would hardly be justifiable to 
include the Casuarinas and the above-noted genera in one 
family.] 

Class 1. Monocotyledones. 

The embryo has only one cotyledon ; the leccves are as a rule scattered, 
with ]}arallel venation ; the vascular bundles of the stem are closed, 
there is no increase of thichness, Thejlo'wer is typically constructed of 
five S-merous whorls, placed alternately. 

The embryo is generally small in proportion to the abundant 
endosperm (exceptions, see Kelohiece), and its single cotyledon is 
often sheath-like, and very large. On the germination of the 
seed either the entire cotyledon, or its apex only, most generally 
remains in the seed and absorbs the nutritive- tissue, wdiile the 
lowmr portion elongates and pushes out the plumule and radicle, 
■which then proceed -with their further growth. The primary root 
ill most cases soon ceases to grow, but at the same time, however, 
numerous lateral roots break out from the stem, and become as 
vigorous as the primary root, or even more so. Increase in 
thickness does not take place in these roots; they branch very 
little or not at all, and generally die after a longer or shorter time. 

The stem is frequently a corm, bulb, or other variety of under- 
ground stem, as the majority of the Monocotyledons are perennial, 
herbaceous plants ; it has scattered, closed vascular bundles (Fig. 
276), and no cambium by which a continuous thickening may take 
place. The stem of the Palms, however, attains a veiy consider- 
able thickness, which is dne to the meristeni of its growing-point 
continually increasing in diameter for a lengthened period (often 
for many years), until it has reached a certain size. In this con- 
dition the growing.point has the form of an inverted cone, and it 
is only when this cone has attained its requisite size that the for- 
mation of a -vertical cylindrical stem commences. Certain tree- 
like Liliacece, as Draccena, Aloe, etc., have a continuous increase in 
thickness ; this is due to a meristematie layer, which arises in the 
cortex, outside the original vascular bundles, which -were formed at 
the growing-point of the stem. This meristem continues to form 
thick- walled parenchyma and new, scattered vascular bundles. 
The primary vascute bundles, in the Palms and others, run in a 
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carved line from their entrance into the stem afc the base of tlie 
leaf, towards the centre of the stem, and then bend outwards and 
proceed downwards in a direction more parallel to the sides of 
the stem (Fig. 277). The bundles formed later, in those stems 
which increase in thickness, are not continued into the leaves. 

The LIRANCHING as a rule is very slight, the axillary buds of the 
majority of the leaves never attaining development, e.g, in the 
Palms, bulbous plants and others. As the cotyledon arises singly, 


Fjg. 276. —Transverse section of the 
stem of a Palm: u is the wood poriion, 
h h the bast portion of the vascular 
bundles. 


Fig. 277.— Diagrammatic represen* 
tation of the course of the vaseular 
bundles, from’the stem into the leaves 
in a Monocotyledon. / 

tiie succeeamg leaves also must be scattered, but they are fre- 
quently arranged in two rows (Grasses, Iris, etc). The first leaf 
borne on a branch (the ‘‘ Fore-leaf,”^ — the bracteole, if on a floral 
shoot) has generally, in the Monocotyledons, a characteristic form 
and position, being situated on the posterior side of its own shoot, 
and hence turned towards the main axis; it is sometimes provided 
with two laterally-placed keels (Figs. 279 /, 290 0 t), but the midrib 
is often absent. It arises in some cases from two prirnordia, which 
at the beginning are quite distinct, and thus has been regarded as 
formed by two leaves. It is, however, only one leaf, a fact which is 
evident from several circumstances, one being that it never supports 
more than one shoot, and this stands in the median plane (Fig. 279). 

The f/EAVES are ainplexicaul^ and have a large sheath but uo 
stipules ; the blade is most frequently long, ligulate, or linear, en- 
tire, with parallel venation, the veins being straight or curved 
^ “ Fore-leaf ” is adopted as a translation Vorblatt.’’ 
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(Figs. 300, 309). Connecting the large number of veins which 
run longitudinally, there are as a rule only weak tranverse ones. 
It is very rarely that other forms of leaves ai'e found, such as cor- 
date (Figs. 302, 312), or that the blade is branched, or the vena- 
tion is, for example, pinnate or palmate (Figs. 225, 298) ; these 
deviations are especially found in the Aracese, the Palms, the 
Scitamine 80 (Fig. 308), the Dioscoreace^, and in several acpatic 
plants. The incisions in the Palm-leaf are derived by the split- 
ting of an originally entire leaf. 

The structure of the flower is generally as follows : Pr3 + 3, 
A3 4- 3, G3, rarely S34-P3 with the other members unchanged.^ 
Instead of 3, the numbers 2 and 4 may occur ; rarel.y others. In 
all these instances there are 5 whorls, which regularly alternate 
with one another, most frequently in the 3-raerous flower, as in the 
diagram (Fig. 278). This diagram is found in the following 


Fi&. 278. — Diagram of the ordinary, regular fllovsrer in the Monocotyledons : s is the 
bract. 

Fro. 279.— Diagram of Iris : f the bracteole ; in its axil is a shoot with its bracteole. 

Fig. 280. — Diagram of Orchis: I the lip ; <r or the two staminodes. 

orders: Liliacese,- Convallariaceaj, JiincaceiB, Bromeliacete, Ama- 
ryllidacese, Dioscoreacese, Palmee, some Aracege, and in some small 
orders, and may be considered as the tyioical structure and also 
the starting point for the exceptional orders. The ovary in many 
Monocotyledons has many ovules, and the fruit becomes a many- 
seeded berry or capsule ; this form is no doubt the oldest. In 
others the number of seeds becomes reduced to 1, and the fruit 
then becomes a cypsela, or a drupe (e.g. Qraminem, Cyperaoece. 
Palmce, etc). 

Deviations from this typical floral structure in some instances 
1 Begarding these and other abbreviations see the appendix in the book. 
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mav be traced to mppmswn, very rai*elj to a splitting of. certain 
members, the typical relative positions not being changed. Thus, 
the IridacejB, the Cyperaceoe, most of the Graminese and some 
Juncacege deviate in having only 3 stamens (Fig. 279), the inner 
whorl (indicated by not becoming developed. The Masaceje 
differ in the posterior stamen not being developed ; Zingihemcem 
(Fig. 314), Marantacece, and Cannacece^ in the fact that only 1 of 
all the stamens bears an anther, and the others are either sup- 
pressed or developed into petal oid staminodes, with some perhaps 
cleft in addition. The Orchidese deviate in having, generally, 
only the anterior st^imen of all the 6 developed (Fig. 280). In 
this, as in other instances, the suppression of certain parts of 
the flower is often connected with zygoworpliy (i.e. symmetry in 
one plane), chiefly in the inner perianth-whorl, but also in the 
other whorls. In the Orchids, the perianth-leaf (the labellum, 
Fig. 280 1) which is directly opposite the fertile stamen, is larger 
and altogether different from the others. The perianth-leaves 
may also be suppressed ; see, for example, the two diagrams of the 
Cyperacese (Fig. 284). In some orders the suppression of these 
leaves, which form the basis of the diagram, is so complete that it 
is hard to reduce the actual structure of the flower to the theo- 
retical type, e.g. the Grasses (Fig. 290) and Lemna (Fig, 303). In 
the first family, which especially comprises water-plants, a some- 
what different structure is found ; thus Fig. 282 differs somewhat 
from the ordinary type, and other flowers much more so; but the 
floral diagrams which occur in this family may perhaps be con- 
sidered as the most probable representatives of an older type, from 
which the ordinary pentacyclic forms have taken their origin. In 
favour of this theory we have the larger number of whorls, the 
spiral arrangement of some of these in the flower, with a large and 
indefinite number of stamens and carpels, the perfectly apocarpous 
gynoeceum which sometimes occurs, etc., etc. 

The Monocotyledons are divided into 7 Families 

1. HELOBiiTiE. This family forms a group complete in itself. It commences 
with hypogynous, perfect flowers, whose gyncecium is apocarpous and ter- 
minates in epigynous and more or less reduced forms. 

2. GLUMiFLOHiE, These have as a starting point the same diagram as the 
following families, hut otherwise develope independently. 

. 3. SpADiciFLORiB. Also an independent branch, or perhaps two different 
ones which terminate in much reduced forms. 

’ 4. ENANxioBLASTiE. These ought perhaps to be amalgamated with the follow'- 

ing family. 
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0 . LiLiiFLOEj®. These advance from forms with the typical diagram and 
hypogynous fewer, to epigynous and reduced forms. 

6. SciTAMiNEiE and 

^ /. Gynandr.e. Two isolated families, which probably have taken their ori- 
gin from Liliiflorje, and have epigynous, mostly zygomorphie, and much re- 
duced forms. 

Family 1. Helobieae. 

To this family belong* only tvaier- or marsh-plants ; the endosperm 
is icauting, and they possess an embryo with a very large liypocotyl 
prolonged downwards and often club-like. The perianth is often 
diifei entiated into calyx and coi*olla ; the flower is regular, and in 
the first orders to be considered, may be reduced to the ordinary 
]\Ionoeotyledonous type ; there are, however, tisnally found hvo 
S-merous whorls of carpels (Fig. 282), and thus in all 6 whorls, 
or again, the mimber of carpels may he indefinite ; the number of 
stamens also may be increased, either by the division of the 
members of a whorl, or by the development of additional whorls. 
Syncarps^ ^’vith nut or follicular fruitlets, are veonj common^ for 
example, in the first orders; in the last (Hydrocharitace^) the 
carpels are not only united, but the ovary is even inferior. 

The primitive type appears to be a hypogynous flower, similar to that of tbe 
Juncagmaces or Alismace®, with several 3-merous whorls, and free carpels, 
each with many ovules ; the green perianth in this instance being no doubt older 
^ lan t e colouied ones. If we take a flower with this structure as the start- 
ing point, then the family developes partly into epigynous forms, partly into 

0 lers which are so strongly reduced and exceptional that it is scarcely possible 
to refer them to the ordinary type. The family, tlirougli the peculiar 
appears to apiiroach the Araceae, in which Potamogetmiace^ and Najadacece are 
included by some authorities. However, the inclusion of Fotamogeton, and with 

1 ruppia an^ Zannichellia, in the Juncaginacese appears quite correct. It w^oiild 
scarce y be right to separate Zo^terece from these. Great stress has often been 
aid upon the similarity with the Bmuneulacefe which is found in the Alismaceae, 
but it IS scarcely more than an analogous resemblance. 

Older 1 . Juncaginacese. The , regular, flowers 
^ ^ 3 "f 3, sepaloid^ stamens 3 4-3 (with extrorse an- 

thers) and carpels 3 + 3 (free or united), of which last, however, 
one whorl may be suppressed (in Triglochin maritima all 6 carpels 
are developed, in T.palustris the inner whorl is unfertile). Inflores- 
cence long spikes. Embryo sifrafyAi'.—Marsh.plants with radical, 
rnsh-hke leaves, arranged, in two rows, and often sheathing and 
igulate (“ sqnamnl® intravaginales ”) ; the inflorescence is a spike 
or raceme.— SeWfeeria. Carpels almost free ; in each at least 
Syncarp= cluster of fruits belonging to one flower. 
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two ovules. Follicles. — lias long, fine racemes witlioat 
bracts or bracteoles ; one ovule in each carpel. The carpels in 
the two native species are miited, bat separate when ripe as a 
scliizocarp, loosening from below; they open along the ventral 
suture or remain closed; a linear central eolmiin remains. 
The most reJiiced is Lilcea (1-2 sp. Am.) — Protogynous. About 10 species. 
Temp, Fossils in Tertiary. 

Order 2. Potamogetonaceac. The aquatic plants belonging 
to this order are perennial, living entirely submerged, or with 
floating leaves, and preferring still water. The leaves are alter- 
Tiate, in some linear and grhss-like, in others there is an elliptical 
floating blade, supported by a linear submerged petiole. Axillary 
scales. The fruit is generally a syncarp with nuts or drupes] the 
embryo is curved^ of very various forms. 

Fotamogeton (Pond-weed). The rhizome is creeping, sympodial 
(with two internodes in each shoot-generation) ; the inflorescence is 
a terminal, many-flowered spike, without fl-oral-leaves ; below it are 
found 2 foliage-leaves placed nearly at the same height, from whose 
axils the branching is continued cymosely. The flowers are 5 ? 
merous, naked, and consist only of 4 stamens, with the connectives, 
broadly developed at the back of the anthers, resembling a perianth, 
and of 4 free, sessile carpels. They are common plants in fresh water. 
The spike, during the flowering, is raised above the water. Wind-pollinated and 
protogynous.—Closely allied is Buppia (Tassel Pond-weed), in salt or brackish 
water. The spike has only two naked flowers, each consisting of 2 stamens and 
4 carpels. The stalks of the individual carpels are considerably prolonged.— 
Zannichellia (Horned Pond- weed) is monoecious; the ? -flower consists of 4 
(2-9) carpels, with membranous, bell-shaped perianth ; long styles ; the -flower 
has 1 (-2) stamens. Althenia. 

Zostera (Grrass-wu*aek) is an entirely submerged, marine plant with 
creeping rhizome (with displacement of buds) and strap-shaped 
leaves. The flowering shoots are sympodia with displacement of 
the axes (Fig. 281). The inflorescence is a peculiar, flatly-com- 
pressed spike, on one side of which the flowers are borne (Fig. 281). 
This inflorescence may be considered, no doubt correctly, to be derived from the 
symmetrical spike of Fotamogeton by strongly dorsiventrai development, and by 
a strong suppression of the floral parts taking place simultaneously. Two 
rows of flowers are developed, but of these one is so pressed into the other that 
apparently only one is present. Each flower consists of only 1 stamen 
and 1 carpel situated at the same height (Fig. 281) ; the unilocular 
ovary encloses 1 pendulous ovule and bears a bifid style. As 
regards the perianth (?) one leaf may be present (Z. nan.a, Fig. 
281 D). The pollen-gi’ains are filamentous. Pollination takes 
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place under water. Po.ndonia and Cymodocea are allied to these. About 
70 species. 

Orders. Aponogetonace^. Aquatic plants with tuberous stem. They have 
a single, petaloid perianth (S-2-1 -leaved), most frequently 6 stamens and 3(-6) 
carpe’s. Straight embryo.— About 15 species (Africa, Madagascar, Tropical 
Asia and Australia).— distachyus and A. [Oumra'ndra) fenestralis are 
grown in conservatories ; the latter has lattice-like, perforated leaves. 

Order 4. Najadacese. Only one genus A'q/«s (about 10 species); annual 
fresh water plants with leaves in pairs and solitary, unisexual flowers. The S 
flower is remarkable in having a terminal stamen, which has either 4 longi- 
tudinal loculi or 1 central one; on this account the stamen of Naias is con- 
sidered by some authorities to be a stem and not a leaf-structure. The uni- 
locular gynceeeum and the single, erect, anatropous ovule are also terminal. 
Pollination takes place under the water. 

Order’ 5. Alismacese. The regular, hyjpogynons flowers are in 
some species unisexual by the suppression of either androscium or 
gy na‘ceum ; they have a 6-merous perianth, generally differentiated 
into 3 sepals and 3 petals ; generally 6 stamens in the outer whorl 
(by the division of the 3 ; Fig. 282) and 
often several 3-nierous whorls inside 
these, and 6~ oo free carpels arranged 
cyclically or spirally. Fruit a syncai’p. 

— Marsh- or water-plants with radical 
leaves and long-stalked inflorescences. 

A. Ihitomem, Follicles with many 
seeds, which are home on nearly the 
icliole of the inner surface of the cyclic 
carpels (as in xsTympbseaceEe). Embryo 
straight. — Butomus (Flowering Rush, 

Fig. 282), has an umbel (generally composed of 3 helicoid cymes) 

PS, stamens 9 (6 -i- 3, ix. the outer whorl doubled), GS + S 
J>. iimhellatm ; creeping rhizome with triangular Iris-like leaves.— JfydrocZe/s 
Limnocharis, 

B. Alismece. Fruit achenes. Latex common (in the inter- 
cellular spaces). The flowers are arranged most frequently in 
single or compound wdiorls. Embryo curved, horse-slioe shaped. — 
Alisma has S 3, P 3, M 6 (in 1 whorl, grouped in pairs, i.e. doubled 
in front of the sepals), and 1 whorl of 1-seeded achenes on a flat 
I’eceptacle. The leaves ai^e most frequently radicle, long-stalked ; 
the lamina have curved longitudinal veins, and a richly branched 
venation. A. plantago. — Flisma (E. natans) has epitropous (turned 
inwards) ovules, whilst the ovules of Alisma, Sagittaria and others 
are apotropous (turned outwards). — EcMnodorus (^E.ra7i%mctdoides) 


Fig. 282. — Diagram of Butomus 
/bracteole. 
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has a convex receptacle, carpels many, iinited and capitate. 
Tktmasoninm. — Sagittaria (Arrow-head) has monceclous flowers, 
several whorls of stamens and spirally-arrangecl aclienes on a very 
convex receptacle. S. mgittifoHa reproduces by tuberous buds formed at 
the end of long, submerged branches. The leaves, in deep and rapidly running 
water, are long and strap -shaped, but in the air arrow-shaped. 

Honey is secreted in the flower and pollination effected by insects. Alkma 
plantago has 12 nectaries. The submerged flowers of Elisma natans remain 
closed and are self-pollinated. Butomm has protandrous flowers. There are 
about 50 species, which mostly grow outside the Tropics. — Uses insigniflcant. 
The rhizome of some is farinaceous. 

Order 6. Hydrocharitacese. This order differs chiefly from 
the preceding in its epigynous flowers. These are in general uni- 
sexual {dloicious)^ and surrounded by a 2-leaved or bi-partite 
spathe ; they are 3-merous in all whorls, but the number of whorls 
is generally greater than 5, sometimes even indefinite. The peri- 
anth is divided into calyx and corolla. The ovary is unilocular with 
parietal placentation, or more or less incompletely pluriiocular. The 
fruit is berry-like, but usually ruptures irregularly when ripe. Em- 
bryo straight. — Most often submerged water-plants, leaves seldom 
floating on the surface. Axillary scales (squaviula3 mfravaginales). 

Hydrocharis. Floating water-plants with round cordate leaves ; 
S3, P3 (folded in the bud); -flowers: 3 (-more) flowers inside 
each spathe ; stamens 9-15, the most internal sterile. $ -dowers 
solitaiy; three staminodes ; ovary 6-locular, with many ovules 
attached to the septa ; styles 6, short, bifid. [The petals of the 
9 -flowers bear nectaries at tbe base. In this and the following 
genus the pollination is without doubt effected by insects.] 
H. morsiis ranee (Frog-bit) has runners ; it hibernates by means of special 
winter-buds — Stratiotes; floating' plants with a rosette of linear, 
thick, stiff leaves with spiny margin, springing from a short 
stem, from which numerous roots descend into the mud. In- 
florescence, perianth, and ovary nearly the same as in Hydrocharis, 
but the -flower has 12 stamens in 3 whoifls, of wdheh the 
outer 6 are in 1 whorl (dedonblement), and inside the perianth 
in both flowers there are numerous (15-30) nectaries {stami- 
nodes?). S. alotdes ( Water- soldier) ; in ■ Eur. only $ -plants. 
— Vallisneria npiralis is a tropical or sub -tropical plant, growing gregariously on 
the mud in fresh water. The leaves are grass-like, and the plants diceeious ; 
tbe ^-flowers are detached from the plant, and rise to the surface of the water, 
where they pollinate the $ -flowers. These are borne on long, spirally-twistei 
peduncles which contract after pollination, so that the 9 -flower is again drawn 
under the water, and the fruits ripen deeply submerged.~-£Zodc(t canadensis 
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is also an entirely submerged plant. The leaves are arranged in whorls on a 
well-developed stem. Only ^ -plants in Europe (introduced about 1886 from 
N. Am ). This plant spreads with great rapidity throughout the country, the 
reproduction being entirely vegetative. Bydrilla, Halnjphila, Thalassia^Eithalus. 
— In many of these genera the number of whorls in the flover is remarkably re- 
duced; for example, in Vallisneria, in the (J -flowers to 2 : Pr 3, A (1-) 3, in the 
^ to 3 : Pr 3, Staminodes 3, G 3. — About 40 species ; Temp, and Trop. 

Family 2. Glumiflorse. 

The hypogyno'iLs flowers in the Juncaceee are completely developed 
on the pentacycUc, trimerous type, with dry, scarious perianth. Even 
in these the interior whorl of stamens becomes suppressed, and the 
ovary, which in Junms is trilociilar with many ovules, Incomes in 
Luzula almost unilocular, but still with 3 ovules. The perianth in 
the Cyperaceae and GrraminejB is reduced from hairs, in the fii‘st of 
these, to nothing, the flowers at the same time collecting more 
closely on the inflorescence (spike) supported by dry bracts (chaff ) ; 
the number of stamens is almost constantly 3 ; stigmas linear; the 
ovary has only 1 loculus with 1 ovule, and the fruit, which is a cap- 
sule in the Juncacese, becomes a nut or caryopsis. — The endosperm 
is large and houry, the embryo being placed at its lower extremity 
(Figs. 286 B, 291). — The i3lants belonging to this order, with the 
exception of a few tropical species, are annual or perennial herbs. 
The stems above ground are thin, and for the most part have long 
internodes, with linear, parallel-veined leaves which have long 
sheaths, and often a ligule, i.e, a membranous pi'ojection, arising 
transversely fi’om the leaf at the junction of the sheath and blade. 
The underground stems are short or creeping rhizomes. The 
flowers are small and insignificant. Wind- or self-pollination. 

Order 1. Juncaceae (Rushes). The regular, hermaphrodite, 
hypogynous flowers have 3 + 3 brown, 
dry, free perianth - leaves projecting 
like a star during the opening of the 
flower ; stamens 3 + 3 (seldom 3 + 0) 
and 3 carpels united into one gyncBceum 
(Fig. 283) ; the ovary is 3- or 1-locular ; 
there is as a rule 1 style, which be- 
comes divided at the summit into 3 
stigmas, often bearing branches twisted 
to the right (Fig. 283). Fruit a capsule 
with loculicidal dehiscence. The embryo is an extremely small, 
ellipsoidal, cellular mass, without differentiation into the external 
organs. 
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Jtmc'us (Rush) has glabrous foliage-leaves, generally cylindrical, 
rarely flat; the edges of the leaf-sheath are free (“opera ” leaf- 
sheaths) and cover one another. The capsule, 1- or 3-locular, 
wdli many seeds. — Luzula (Wood-Rush) has flat, grass-like leaves 
with ciliated edges; the edges of the leaf-sheath are united 

( closed leaf-sheath). The capsule anilocalar and S-seeded. 

Frionium : S. Africa; resembling a Tacona. 

The iratmor whorl of stamens, in some species, disappears partially or 
supintis, cajpitatus, conglome7'atus^ ete.) 

Some of the numerous Juracras-speeies (e.o. J. effmm, glaucus, conghmeratus, 
etc.), have false, lateral inflorescences, the axis of the inflorescence being pushed 
0 one side by its subtending leaf, which apparently formsadirect continua- 
hon of the stem, and resembles it both in external and internal structure 
Ihe fohage-leaves of this genus were formerly described as “unfertile stems- 
because they are cylindrical, erect, and resemble stems, and consequently the 
s em was said to be “leafless”: J. egxavs, glaucus, con glomeratua. Stellate 
parenchymatous cells are found in the pith of these stems and in the leaves. 

^ er species have distinct terminal inflorescences and grooved leaves • J 
Imfunius (Toad-rush), eompressus, and others. The inflorescences most often 
present the peculiarity of having the lateral axes protruding above the main 
a® follows :-The flowers have either no bracteoles 
and the inflorescences are then capitulate; or they have 1-several bracteoles’ 
Each branch has then, first, a 2-keeled fore-leaf placed posteriorly (“basaU 
teat ), and succeeding this ai-e generally several leaves borne alternately and in 
le same plane as the basal-leaf, the two uppermost (the “ spathe-lea^es ”) being 
always barren ; those which lie between the basal-leaves and the spathe-leavet 
are termed “ intermediate-leaves.” If only branches occur in the axils of the 

sMe orir saeceedmg branches are always borne on the posterior 
side of the axis, and form a fan‘; if the basal-leaf is barren, and if there 
IS only one fertile intermediate-leaf, then the lateral axes are always on the 
upper side, and a sickle'-like inflorescence occurs; it there are 2 fertile 
intermediate-leaves, then a dichasium is formed, and in the case of there 
being several, then a raceme, or spike. 

Juncacea are, by several authors, classed among the Liliiflorffl, but there are 
so many morphological and partly anatomical features agreeing with the two 
following orders, that they may, no doubt, most properly be regmled as tie 

t SofTwf Cyperace^, which they resemble in the 

jpe of flowers, the inflorescence, the type of mechanical system, and the stomata. 

pr^tcavni I Cross-pollination is often established by 

piotcgjnj. J. bufomus has partly triandrous and cleistcgamic, partly hexan- 
drous, open fiowers.-DisTBiBuiioN. The 200 species are spread oler the entire 

£ Tropts'"’*! n? V “ 

the iiopics.-UsES. Very slight ; plaiting, for instance. 

Order 2. Cyperace^. The maiority are perennial (seldom ' 
German “/ac/ief” forthese inflorescences from the 
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annual) living in damp situations, with a sympoclial rhizome 
and grass-like appearance. The stems are seldom hollow, or have 
swollen nodes, but generally triangular, with the upper internode 
just below the inflorescence generally very long. The leaves are 
often arranged in 3 rows, the leaf -sheath is dosed (very seldom 
split), and the ligule is absent or insigniflcant. The flowers 
are arranged in s^pilies {spihelets) 'which may be united into other 
forms of inflorescences (chiefly spikes or racemes). The flowers 
are supported by a bract, but have 
no hracteoles. In some genera the 
perianth is distinctly represented 
by six bristles corresponding to 
six leaves (Figs. 284 .4, 286 A) ; 
in others it is represented by an 
indefinite number of hairs (Fig. 

284 B), and very frequently it is 
altogether wanting. The inner 
tvhorl of stamens is absent, and the flower has therefore 3 stamens 
(rarely more or less than 3), the anthers are attached hy their bases 
to the filament (innate) and are not bifid (Figs. 286). Grynoeceum 
simple, formed of 3 or 2 carpels ; 1 style, which is divided at the 
extremity, as in the Juncacese, into 3 or 2 arms; the single loculus 
of the ovary contains one basal, erect, anatropons ovule; the 
stigmas are not feather-like. Frnlt a nut, whose seed is generally 
not united with the pericarp. The embryo is small, and lies at 
the base of the seed in the central line, surrounded on the inner side 
by the endosperm (Fig. 286 B), On germination the cotyledon 
does not remain in the seed. 

A regular perianth, with 6 scale-lihe perianth-leaves in 2 whirls, is found in 
Oreoholiis. In Scirpns littoralis the perianth-leaves are spreading at the apex, 
and divided pinnately. 

The branching of the inflorescence is often the same as in the Juncaceae, and 
supports the theory that these two orders are related. In Rhynchospora and 
others, the “ spikeiets” are really only “ spike-like” and to some extent compound. 

A. ScmpE^. Hermaphrodite Flowers. 

1. Spikelets cylindrical, the bracts arranged spirally (in 
many rows). The lower ones are often barren, each of the others 
supports a flower . — Scirpus (Club-rush). The spikelets are 
many-flowered ; the perianth is bristle-like or absent, and does not 
continue to grow daring the ripening of the fruit (Fig. 286 J.). 
Closely allied to this is Beleoohatis, with terminal spikes. — 



Pig. 28-li,~Diagram of structure of: 
A Scirpus silvaticiis ; JB Eviophonim 
angustifolium. 
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^no25Aor«m (Cotton-gi’ass) differs chiefly in 
hairs prolonged, and forming a bunch of whi 

284 B). 

Cladium and Mynchospora (Beak-rash) differs espe( 
compound spikelets which are collected into small 
received its name from the fact that the lowermost poi 
attached to the fruit as a beak. 

2. Spikelets compressed, the bracts arrant 
the other characters as in the tirst-mentioned 
many-flowered); Schmnus (Bog-rush); spii 
S. nigricans has an open sheath. 

B. Carice.®. Unisexual Flowebs. 

In the cJ -flowers there is no trace of a a 
no trace of a stamen. Floral-leaves in mar 
(fScZmct, certain Careai-species), and $ -flov 
same spikelet, the latter at the base or the reve 
each spikelet is unisexual. 

Ca?e,i (Pig. 286) has nahed, most frequently 
The -spikes, which are generally placed at 
whole compound inflorescence, are not compm 
each floral-leaf (bract) a flower is home, omisist 


rio. 2S5.— Corel': J diagram of a male flower • 
a fema e flower with 3 stigmas ; D diagrammatic 
the androgynous (false) spikelet of Myna, The 
IS termiTjal, according to Pax. 

Fig. 286,-1.1 Flower of Scwpas lacusm, B Se 

axis with three stamens (Fig*. 285 ^4^ 
in the axil of each floral-leaf is bo 
285 D, a) which bears only me 


• X ne -spi/ces are compound ; 

■ne a %'ery .small branch (Pig. 
f, namely, a 2-heeled fore-leaf 
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{utriouliis, uU\ ill the figures) which is turned posteriorly (as 
the fore-leaves of the other Monocotyledons), and being obliquely 
sheathdike, envelopes the branch (in the same manner as the sheath 
of the vegetative leaves), and forms a pitchei'-like body. In the 
axil of thisleBjt the $ -dower is situated as a branch of the 3rd 
order, bearing only the 2-3 carpels, which are united into one 
oynoeceum. The style protrudes through the mouth of the utri- 
culus. The axis of the 2nd order (am Fig. 285 D) may sometimes elongate as 
a bristle-like projection (normally in Uncinia, in which it ends as a hook, 
hence the name); this projection is in most cases barren, but it sometimes 
bears 1-several bracts which support male-flowers; this is normal inElyna 
(or Kohresia) and Schmnoxiphmm ; the axis (a in 285 E) bears at its base a 
female-flower supported by the utriculus, and above it a male-flower supported 

by its bract. _ 

Pollination by means of the wind. Protogynous. Sometimes self -pollinated. 
The order embraces nearly 3,000 species, found all over the world. Carex 
and ScirpM are most numerous in cold and temperate climates, and become 
less numerous towards the equator. The reverse is the case with Cijperu^ 
and other tropical genera. They generally condne themselves to sour, swampy 
districts; some, on the other hand, ace characteristic of sand-dunes, such as 
Sand-stal {Carex aremna). There are about 70 native species of Carex. 

UsBS. /In spite of their large number, the Cyperace*. are of no importance 
as fodder-grasses, as they are dry and contain a large amount of silica ; hence 
the ed-es of many of the triangular stems or leaves are exceedingly sharp 
and cutting. Gyperus esculentus has tuberous rhizomes, which contain a large 
amount of fatty oil and are edible (earth-almonds) ; it has its home ia the 
countries of the Mediterranean, where it is cultivated. 

Cyperm papyim (W. Asia, Egypt, Sicily) attains a height of several metres, 
and has stems of the thickness of an arm which were used by the ancient 
Egyptians for making paper (papyrus). Some serve for plaiting, mats, etc. 
{Scirpvs laeiistns, etc.). Isolepis is an ornamental plant. 

Order 3. Gramineae (Grasses). The stems are cylindrical, 
generally hollow with swollen nodes, that is, a swelling is found at 
ttie base of each leaf which apparently belongs to the stem, but in 
reality it is the swollen base of the leaf. The teaves are exactly 
alternate ; the sheath is split (excep. Brotmis-species, Foa prate-ims, 
P. trivialis, Melica, Dactylis, etc., in which the sheath is not split), 
and the edges overlap alternately, the right over the left, and vice 
versa-, the ligule is nearly always well developed. In general, the 
flowers are hermaphrodite ; they are boimein spiMets with alternate 
■floral-leaves, and the spikelets themselves are borne in either 
spihes or panicles. The two (seldom more) lowest floraUeaves in 
each spikelet (Fig. 289 0Y, nY) are barren {as the covering- le^-es 
in many umbels and capitula) ; these are termed the glumes. The 
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succeeding floral-leaves, each of which supports one flower as its 
bract, are called the outer pales (nl) ; these sometimes each bear an 
awn ” (a bristle-like body which projects in the median line either 
from the apex or the back) ; sometimes the upper ones are barren. 
Each flower has a hracteole^ which is placed on the inside opposite 
the main axis ; it is thin, hmerved or two-heeled, arid never has an 
awn; it is known as the inner pale ( 0 J). Immediately succeeding 
the bracteole are : («) some small, delicate scales (lodicules, Figs. 
287 B, 288 C, 290 L ) ; (b) three stamens with anthers versatile, 
so as to be easily moved, and usually notched at each end (Fig. 

287 0); and (c) a simple gynoeceum formed of one' carpel with two 
styles having generally spirally -branched stigmas (Figs. 287 D, 

288 G). The ovary is unilocular, contains one ascending or 
pendulous, anatropous ovule. Fruit a met, whose seed is always 
firmly united with the thin pericarp (“ caryopsis ”). The embryo is 


Fig. 287.— ‘Triiicum : A axis (racMs) of ear showing the notches where the spikelets 
were inserted j Ban entire spikeletj Ca flower with the pales; Da flower without the 
pales, showing the lodicules at the base ; M glume j jP outer pale ; G- inner pale ; fruit; 
I longitudinal section of fruit. , 


larger than in the Cypera^ceae and is placed at the base of the seed, 
but on the outer convex surface of the pericarp (Figs. 287 I, 288 
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288 D, 291), outside the endosperm ^ plumule large with several 
leaf-primordia. On germination the cotyledon remains in the seed. 

The majority of Grasses are annual or perennial herbs ; tree- 
like forms being only found in the Tropics, for example, the 
Bamboos; they branch (in tufts), especially from the axils of the 
basal-leaves, W'hile those which are borne higher on the stem are 
separated by longer internodes and have no vegetative branches in 


their axils, though a few forms, like Bamhusa and Oalamagrosiis 
lanceolata, produce branches in these axils. 

Only a few Grasses have a solid stem, such as Maize, Sugar-cane, and Andro- 
pogo7i» The blade is flat in the meadow-grasses, but the Grasses which live on 
dry places (“ prairie-grass ”) exposed to the sun, often have the blade tightly 
W. B. * ' U 


Fig. 2SS,—Bromiis 'inollis : A inflorescence j 
B the uppermost flower of a spikelet, with, 
its axis turned forward; in front is seen the 
two-keeled inner pale (bracteole) and the 
stamens protrude between this and the outer 
pale (bract) ; C an ovary with the 2 stigmas 
on its anterior side, the 2 lodicules, and the 
3 stamens ; I) the fruit seen from the dorsal 
side; B tiie same from the ventral side. 


Fig, 289.— Diagramatic outline of 
a spikelet : n J lower glume ; o 1” 
upper glume ; n I upper pale ; o I 
the inner pale ; lodicules ; bt 
stamens; I-I main axes; II lateral 
axes. 
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rolled up and almost filiform or bristle-like, with anomalous anatomical 
structure. A closed tabular sheath is found in Melica uniflora, Bromus-B^ecies, 
Boa pratends and trivialis, Briza and some Glycena-&-peQiQ&. The sheath is 
developed for the purpose of supporting the young internodes while their growth 
is proceeding at the base. The “ nodes” (the swollen joints which are seen on 
stems of Grasses) are not really part of the stem but are formed by the base of 
the leaf-sheath. They play a part in assisting the haulms to regain a vertical 
position when laid prostrate by wind or rain. The aim on the pale is homo- 
logous with the blade of the Grass-leaf, and the pale itself is the sheath. The 
arrangement of the leaves in the spikelet is similar to that in Cyperas &nd other 
Cyperaceaa, their floral -leaves being borne in several rows in Streptochmta, More 
than two barren “glumes” are found in StreptochMa., several Phalarideie and 
others. The spikelets, too, are again arranged in two rows in the axils of sup- 
pressed floral-leaves. The inflorescence becomes a “ compound spike ” (ear) when 


Pig. 290.— Diagram of the Grass-flower ; 
ni outer pale ; 0i inner pale ; l-Z locli- 
cules. , 


Pig. 291.— Longitudinal section of an 
Oat-grain : a the skin (pericarp and 
testa); h the endosperm; c the cotyledon; 
d the plumule. 


the spikelets are sessile. In the majority of instances the spikelets are borne 
on long stalks ; when these branch, then the secondary branches, and similarly 
all branches of higher order, are placed so far down upon the mother- axis that 
they all appear to be of equal value and to arise in a semicircle from the mother- 
axis itself, though in reality they arise from each other {Panicle, Fig. 288 A). 
Sometimes the main axis and branches of different orders unite together as in 
Ahpecw'us, Plileum, and some other Grasses, and hence the single (short- 
stalked) spikelets appear to arise singly and spirally, or without any definite 
order, directly from the main axis, with the production of a cylindrical inflor- 
escence bearing “ spikes. ” sito, that is, a spike -like panicle --UdJiy 

inflorescences are somewhat dorsiventral. The floicer is rarely unisexual (Zea 
mats) or barren. Considerable difficulty is experienced in reducing the Grass- 
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flower to tlie ordinary 3-merous Monocotyledonous type. Some authorities 
consider Hlq lodiculesy which are present in all Grasses but absent in the 
Cyperaceae, to be homologous with a perianth. According to a more recent 
theory they arc bracteoles, and hence the Graminefe, like many of the Jun- 
cacere, have 2-3 bracteoles placed in two rows in the median plane. If this 
theory be correct, the fioxoer is naked. The lodicules expand quickly and 
cause the opening of the flower (i.e. the two pales become separated from each 
other). Generally only 3 stamens belonging to the outer whorl are present (Fig. 
290), as in his (Fig. 279), certain Juneacese and Cyperace® (Fig. 281), but in 
some, such as the Kice and certain species of Bamboos, all 6 are found. 
Pariaua has more than 6. Only 1 of the carpels is present, namely, the 
anterior (of those in Fig. 281), so that the ventral suture and the place of at- 
tachment of the ovule are situated at the back of the ovary. The number of 
styles does not correspond with the number of carpels, and the styles may 
therefore be supposed to arise from the edges of the leaf to the right and left— a 
position which is not without analogy. In addition, a stylar projection is some- 
times found on the anterior side and in the median line (e.g, iu Fhragmites]^ 
and the solitary style in Nardiis has exactly this position ; a similar arrange- 
ment is found in some species of Bamhusa which have only one style ; other 
species of Bamlmsa have three styles. A tripartite style is found in Pharus. 

[The Grass-flower may be reduced to the ordinary Monocotyledonous type 
thus The outer pale is the bract of the flower since it bears in its axil the 
floral shoot ; the inner pale occupies the customary position of the braeteole. 
The fact that it is binerved can be explained by its having been pressed against 
the main-axis during development. Similar binerved bracteoles are found in 
Iris (Fig. 279). These bracteoles in both Grass and Iris arise from single pri- 
mordia, and are not produced by the coalescence of two leaves. The lodicules 
are the only 2 ?arts of the perianth remaining, the outer whorl having been sup- 
pressed, and also the posterior leaf of the inner whorl ; a posterior lodicule, 
however, is found in the Rice and some species of Bamboo. The outer whorl of 
stamens is usually absent, though this again is present in the Rice and Bamboo. 
The three carpels are reduced to one with two or sometimes three stigmas. J 

The Flowering. In the panicles the flowers open in basipetal order; 
the flowers in the spikes situated somewhat above the middle, commence to 
open first, and the flowering proceeds upwards and downwards. A few Grass- 
lioweis never ojren (cleistogamic) ; Leersia oryzoUP.s, jStipa-species, and e.g. 
Wheat and Rye in cold damp weather ; some open their pales so wide that the 
anthers and stigmas may protrude at the top ; most frequently the lodicules 
ex^^and and force the pales suddenly and widely apart. The filaments elongate 
considerably, so that the anthers are pendulous and the stigmas unfold. In 
some Grasses e.g. Wheat, the blooming of each flower only lasts a short time. 
Pollination is generally eflected by the wind. The Bye separates the jiales 
very widely in the morning, and allows the anthers and stigmas to ajDjpear ; 
it is almost entirely sterile when self-pollinated-. The Wheat flowers at any 
time of the day, each flower lasting only a quarter of an hour. The pales open 
suddenly, but only half way, and the anthers scatter one-third of the pollen in 
their own flower and two-thirds outside. Self-pollination is effectual, hut 
crossing gives better results. In Hordeum vulgare (all flowers J ) the flowers 
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of the 4 outer ro^'s behave as in the Wheat, but those in the two central rows 
always remain closed. The $ -flowers in the two central rows of H, disticlium 
remain closed and fertilise themselves ; they open exceptionally, and may be 
pollinated by the (^-flowers in the 4 lateral rows. H, hexastichnni is cleisto- 
gamic. pollinate themselves. 

The ripe Grass^frmtj in some species of Bamboo, is a berry ; in some other 
Grasses a nut with loosely lying seed, in some even a capsule, but otherwise a 
“caryopsis.” In .some instances it is loosely enveloped by the pales (Oat), in 
others firmly attached to these (Barley), and finally, in others, “naked,” he. it 
is entirely free from the pales (Wheat and Eye). ’ On the ventral side there is a 


Pig, 292.— -Barley grain : A sec- 
tion through the skin (a-d) and the 
most external part of the endo- 
sperm ; Gl the “ aleurone layer ” ; 
st starch-containing cells ; B starch 
grains. 

groove (Fig. 288 E) ; on the anterior side (dorsal suture), which is turned to’warcls 
the inner pale, it is convex, and at the base on this side, inside the testa, lies the 
embryo (Fig, 288 D). The apex of the fruit is often hairy (Fig. 293). The shin 
(Fig. 291, a) is formed by the pericarp and testa, and in some cases (Barley) the 
pales also form the outer portion. The endosperm (b) is large, and formed of 
parenchymatous, starch-containing cells : aleurone (proteid) grains may also be 
found among them. When the starch-grains and the aleurone-grains adhere 
together the endosperm becomes “ horny,” but is “ floury ” When the starch- 
grains lie loosely with air between them. In the most external region, just 
beneath the skin, 1-several layers of nearly cubical cells (filled principally -with 
aleurone-grains and fat) are found, the alenronedayer (Fig. 292). The embryo 
(Fig. 291 c-d) contains large quantities of fatty oil; the large shield- like structure, 
attached to the embryo and turned inwards towards the endosperm (c), is the 
cotyledon (scutellum) ; it remains enclosed in the seed during germination, and 



Fig. 293. - Wheat- 
grain germinating : g 
the plumule; h the first 
leaf succeeding the co- 
yledon ; the primary 
oot ; lateral root. 



Fig. 29-1. — Older seed- 
ling of the Wheat : s the 
second sheathing-leaf ; 
I first foliage-leaf. 
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dissolves the endosperm by means of the peculiar epithelial cells developed on* 
the dorsal surface. The radicle, on germination, is obliged to perforate a mass- 
of cells derived from the suspensor and which form the “root-sheath”' 
(coleorliiza, Fig. 293) round its base. In addition to the tap-root, lateral roots- 
are frequently developed before germination ; these quickly break through,, 
and later on are followed by others which appear at the base of the leaf {Figs. 
293, 294). 

The DISTRIBUTION OF THE FRUIT IS most frequently effected by the wind.. The 
spirally-twisted and hygroscopic awn which persists on the fruits of some species- 
{Ai'em, StijHi, etc.) assists in their dissemination, and even helps to bury them 
in the ground. 

The two preceding orders are more closely related to each other than they 
are to the Oraminese. 

The generic differences are chiefly founded on the form of the inflorescence, 
the number and sex of the flowers in the spikelets, the shape and relative 
length of the pales, awns, etc. In addition to these the structure of the fruit 
and seed presents a great many differences ; some have compound starch-grains, 
while in others they are single ; some have 1 layer of aleurone-cells, others have 
several (Fig. 292), etc. 

1. BA:MBLrsE/E. ■ Tall Grasses with woody, very siliceous stems 
which bear many branches in the axils of the leaves. 6 stamens. 
JJambusa (Bamboo), 

2. OflYZEiE. Ori/za sativa (Rice) is a herbaceous marsh-plant, 
%vith panicle and small, 1-flowered spikelets, with two small glumes 
and two large, boat-shaped, strongly siliceous pales. 6 stamens. 
— Leersia. Lygeum. Fliarus. Zizania aquatica. 

3. Mayde/E. Zea mats (Iiidian-corn, Maize) ; tlie spikelets are 
unisexual ; the -spikelets in a terminal panicle ; the ? -spikelets 
closely crowded and arranged in many rows in a thick, axillary- 
spike, enclosed by large sheathing-leaves. The ? -spikelets are 

1- (2-) flowered ; the ovary bears one, long, filamentous style, with 
bifid stigma. — Buclilmna ; Goix, 

4. Androfogone.e. (Sugar-cane) ; the spikelets are 

exceptionally small, 1-flowered, and borne in pairs in many- 
flowered, long-haired panicles. Tall grasses with solid, sappy 
stem . — A nchvpogon . 

5. F"esiltce.e, Grasses with panicle (or spike-like panicle) and 

2 - several-flowered spikelets. Glumes small, in each case shorter 
than the spikelet. — Festaca (Fescue) and Bromus (Brome, Fig. 
288) have the awn placed at the apex of the pale, or slightly 
below it. Fednca has perennial species, with only a sparsely- 
branched panicle with branches solitary or in pairs, and round 
spikelets ; the leaf-sheath is widely open. Bromiis has the 
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branches borne in half whorls, and the leaf-sheath scarcely half 
open. Braohypodium has very short-stalked spikelets in a raceme 
-Boa (Meadow-grass), Bnza (Qnaking-grass) and GJyceria have 
awnless spikelets ; these in Boa are ovoid, compressed, and witlr 
sharply-keeled glumes; in Briza they are broad, cordate and 
drooping, with boat-shaped glumes ; in Olyceria round, long, manv- 
flovjered, linear or lanceolate ; some species of Ghjceria have closed ■ 
leaf-sheaths. Bactylis (Cock’s-foot) differs from all others in the 
somewhat crowded and unilateral (snbsecund) spikelets, which are 
compre.ssed and oblique (i.e. one side more convex than the other) 
—Bhragmiies (B. eommunis, Eeed); the lowermost flowers of the 
sjukelet are ^ ; its axis is covered with long, silky hairs ; pales 
\Mthout awns, but acuminate. Perennial marsh-plants.— Jl/ei-iea ; 
panicle small, sparsely-branched with round, awnless, few-flowered' 
usually drooping spikelets. The upper pales, witli arrested flowers’ 
are generally united into a clnb-like mass.— Eraqrostis 
Koelena, Catahrosa.—Cynosurus (Dog’s-tail) has a small, spicate 
panicle with unilateral spikelets, some of which are fertile, some 

arren, each supported by a pectinate scale. Anmdo. Sesleria 

irijnenqim. Triodia. 

6. AvENEij Panicles with 2-many-flowered spikelets ; at least 
one of the glumes is quite as long as the entire spikelet.— 
^te»u_(Oat). The pale is boat-shaped, often bifid, and at about 
the middle of the back has a twisted, bent awn—ABa (Hair-grass) 
has a long-branched panicle with small, 2-flowered spikelets; the 
pale has a dentate apex and bears an awn on the posterior side 
close to the base.- 'W eingiirtneria.—Holcus (Yorkshire-fog) ; a soft 
hamy Grass with an open panicle, keeled glumes ; 2 flowers in thJ 
spikelet, ot which the lower one is 5, the upper ; the pale 
which supports the $ -flower has no awn, but that which snpiiLts 
the -flower, on the contrary, is awned. 

sni'elet“°r™'^'li 1-flowered 

spikelets. Generally 2 glumes and only 1 pale— The following 

have PxxiCiBS: MW with square panicle-branches and round 

spikelets; (Piorin),with compressed, glabrous .spikelets,. 

nhose glumes are longer than the pales. Calamagrostis differs in 

having a chap et of long haii^s at the ba.se of the pah.-Stipa 

(t eather-grass) has a long, twisted awn.— The followino. have .spikf- 

mke r..icn.s: P/iW (Cat’s-tail, Timothy. grass) has sharply 

pointed, entirely free glumes, which are much longer than the 

aimless pales. MZqpemros (Fox-tail) ; glumes united below; pale 


GLUMIFLOR^ 


295 


witli awn. Ammophila (Psamma). A, arundinacea\ pales liaiiy 
at base; perennial, stiff- leaved, glaucous sand-grass with creeping 
riiizome. Aristida, Sporoholus. 

8. Phalaridejc. Panicles and spike-like panicles. The spike- 
let has in the upper part a single fertile flower; below it are 
placed 4 pales, of which the upper 1~2 sometimes support 
flowers. On the whole, 6 floral-leaves of the first order are 
.present . — Phalaris (P. can-ariensis^ Canary-grass) has an ovate, 
spike-like panicle, the spikelets are compressed, convex on the 
outer side, concave on the inner. The large glumes are winged 
on the back . — Dlgraphis (D, anmdinacea) is closely allied to 
Phalaris, but the keel of the glumes is not winged . — Antlioxantlium 
(A. odoratnm, Sweet- vernal) has a small, lanceolate, open, spike-like 
panicle; the spikelets have below 2 barren flowers, and above 
these an ^ -flower with 2 stamens. The upper glume is longer 
than the flower. — HierocJiloa. 

g. Chlouide/E. The spikelets are arranged in the form of a spike in two 
rows on one side of an often tiatly-compressed axis; they are mostly l-dowered. 
— Cltloris ; Ctenium; C y notion ; Elemirie; Microchloa. 

10. Panice.e. The spikelets are borne in panicles or spikes, which may be 
arranged like fingers or in a raceme. There is a centrally-placed g -flower ; 
below it is sometimes a -flower, — Pamcitm ; Paf^palurn ; Oplismenm ; Setaria 
has an almost cylindrical spike-like panicle with several barren branchiets, 
which project as stifl:, rough bristles. — Cenchrus; Fenuisetum. 

11. Horde JD. Spikes compound ; spikelets sessile in the notches 
of a toothed axis. 

A. Spikelets solitary . — Triticum (Wheat, Pig. 287) has in each 
tooth of the main axis, a several-flowered spikelet which turns its 
■flat side towards the central axis. The cultivated species (tiue 
Wheat) are 1-2-annual, the wild ones (T. repens, Couch, also as 
an independent genus, Agropyrum) are perennial, with creeping 
rhizome and lanceolate glumes . — Lolium (Rye-grass) has in each 
tooth of the main axis a many-flowered, compressed spikelet, 
which is placed edgetvise towards it and (with the exception of 
L. perenne) has only one outwardly-turned glume {L. temulentum 
has a rudiment of the inwardly-turned lower glume) ; the terminal 
spikelet has two glumes .- — Secale (Rye), A two-flowered spikelet 
in each tooth ; small, lanceolate, acuminate glumes. Nardtis and 
Leptnrus have very narrow spikes, the former with unilateral 
spikelets. 

B. In each notch of the axis 2 or more spikelets are placed 
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close together— Eordeum (Barley). In each tooth three 1-iiowered 
spikelets. E. hexastirJium (6-rowed Barley), has 6 rows of fruits 
since all the spikelets'are fertile, &ndL E. di8tichum (2-rowed Barley) 
2 rows, since the lateral spikelets are and barren (p. 292 ).— 
Ehjmus has 2-6 many-flowered spikelets in each joint of the main 
axis. JEgilojps lias awns upon the glumes. 

Disimbciion. 315 genera with 3,600 species. The order is distributed 
over the whole world, and as regards number of individuals is perhaps the 
richest. In the Tropics, large, broad-leaved, tree-like forms are found IBani- 
hme^ Olyrm, Andropogone<e, etc. ; in S. Europe, Amndo donax ) ; in England 

next to the CompositK, it is the order most rich in species (about 134) The 

origin of some of the cultivated Grasses is lost in obscurity. The Maize no 
doubt, was indigenous to America, where its nearest relatives are found Lnd 
where It has also been discovered in ancient Indian graves ; Eurra or Guinea- 
corn Millet and Sugar-cane are South Asiatic plants, and our own cereals no 
doubt have sprung primarily from Western Asia and South-Eastern Europe 
parley from Armenia and Persia, where a very closely related wild species 
IS found Wheat from the same districts; Eye from the perennial species 
montmumi). Panicum altissimum and Eice have come from Africa 
Uses The Grasses play a very important part as cereals and fodder plants. 
The following are the most important of the cultivated ones : Triticum vuUjare 
(common Wheat), turgidum, amyleum, polonkim, apelta, durum, etc. ; Seca!e 
cerMfc (Bye); Barley (ifordcam-species, see under the genus); Maiz^ Oats 
{Avena sativa, orientalis, nuda ) ; Millet {Panicum miliacmm ) ; Burra (Turkish 
Millet, or Guinea corn, Sorghum vulgare, certmum and sacc/mrarnm) ; Manna- 
grass {Glyema flmtam). As fodder-plants especially: Eye-grass (Loiiiim 
^crcnns); Oat-grass Uvorm clutter) ; Timothy {PhUum prateme) ■, Pox-tail 
(AlopeourmpraUnds) ; Cock’s foot (BucfyWs glomerata); Bog’s tail (Cgnomrm 
emtam ) ; Sweet-vernal [Anthoxanthum odoratum ) ; Soft grass, or Yorkshire-fog 
{Holciis lanatus and mollis ) ; Quaking-grass (Priza media ) ; species of Meadow- 
grass (Poa ) ; Fescue {Festuca) and Brome (Erouttoj.-Several cultivated species 
of Grass are also used in the preparation of fermented liquors, the starch in 
e seeds being transformed to sugar (beer from “Malt,” i.e. the germinated 
Bai-ley ; arrack from Bice) ; or the stem becomes specially saccharine before 
Howering: the Sugar-cane, Sorghum saccltaratum. 

Officinal. The rhizome of TriUcum repens, Oat-grain, flour of Barley, and 
tiie starcli of Wheat, also sugar. 

The seeds of LoUum tevmlentum are considered poisonous. -Ihe stems of 
many species (including our common grains) are used in the manufacture 
o paper, especially “Esparto grass i’ {Stipa teuacissiina) from Spain and N 
Afnoa, and the sheathingdeaves of the ? -spike of Maize. Sand Lyme-grass (Ely 
mus arenarms), and especially Psamma arenaria, are important.— But few Grass- 
species are sweet-scented : Anthoxanthum odoratum and Bicrocldoa odorata 
contain coumarin ; Andropogon-speoies have essential oils (“ Citronella oil’-l. 

Oknambntal plants are : the “ Eibbon-grass” (a variety of Digraphis arundi- 
nacea), Sitpapennata (whose awn is exceedingly long and feathery), Ggnerium 

atgenteum (Pampas-grass), Lagurus ovatus, Hordeum jubattm, Bromus hrizi- 

jonmss 


SPADICIFLORiE. 


29.7 


Family 3. Spadiciflorae. 

Tbe primitive form resembles that of the. preceding familf. In 
it we find tbe typical, perfectly developed, Monocotyledonous 
flower, sometimes even with free carpels and with a dry or some- 
what fleshy, but never 
petaloid perianth ; and this 
passes over into very differ- 
ent forms by the suppres- 
sion of the floral-leaves, 
perianth and sporophylls 
(unisexual flowers are 
common), and by the close 
aggregation of the flowers 
in the inflorescence. The 

flower is hypogy7ZQm in 

every case. The inflores- 
cence is a spike which 
may be either single or 
branched, and has often a P^a.296.-Piassava(ittal.a/unycra). 

thick and fleshy axis (a spadix). In Palms and Aracese it is en- 
veloped, at any rate prior to the opening of tbe flowers, by a very 
large floral-leaf, the spathe, which may be petaloid (Figs. 297, 301). 

The fruit is most frequently fleshy (berry, drupe) or a nut, never 
a cajsule. The embryo is small, with large, fleshy endosperm 
(Fig. 299 C) ; very rarely the endosperm is wanting. 

The numerous plants 
belonging to this family 
are large, herbaceous or 
tree-like, and the leaves 
seldom have the usual 
Monocotyledonous form, 
i.e. linear with parallel 
venation, but most fre- 
quently have pinnate or 
palmate venation. 

Order 1 . Palmse 
(Palms). The majority 
are trees with an itn- 
bra^whed, cylindrical stevv, MtaU.fnnifera 

having short internodes wifcti persistent leaf-bases. 
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and covered with leaf-sears or the bases of the leaf-stalks (Fio-. 
296), and at the summit a rosette of large leaves closely packe'd 
together (Fig. 295). An exception to this is found in Calamus 
(Cane, “Rotang”), whose thin, creeping or climbing stems have 
long internodes ; sparsely i branched is, e.g. the African Doum-palm 
iUyflwm). Notwithstanding their often enormous stems the 
Palms have fibrous roots, like the bulbous Monocotyledons. The 
leaves are pinnate (Feather- palms. Fig. 298) or palmate (Fan- 
palms, F]g. 295) and often very large ; they have a well-developed 
petiole with an aiwplexicaul sheath, which is often more or 
less separated into a large number of fibres. In the bud the blade 
is entire hut folded, as the leaf expands the lines of folding are 
torn, either those which are turned upwards (thus V V V , e.g. 
Pritohardia, Livistona, Phoenix, Ohamcerops) or those turned down- 
wards (thus AAAA, e.gf. Cocos, Ohamcedorea, Calamus). The 
inflorescence is usually lateral; when, as in Sago-palm {Me- 
h-oxylon rumphii) or Talipot (Corypha umbractdifera) it is termi- 
nal, the plant... is, mo^^ and dies after flowering; it is 

often a very large and branched spadix with numerous flowers 
either borne externally or embedded in it, and enclosed either in 
one woody , boat-shaped spathe (Fig. 297) or several spathes, in. 
the latter ease one for each branch. The flowers are sessile or 
even embedded, regular, gen erally unisexual (moncecious or 
dioecious) with the usual dia^mr(Fig.'’‘278) ;' the perianth is in- 
conspicuous, green or yellow, persistent, and more or less leathery 
or fleshy. ^ 6, rarely 3 or many stamens. The 3 carpels remain 

generally 3-looular, ovary. The style 
is shoi t. Tliei'e is on^pvule in each carpel. Often during ripening 
2 carpels with their ovules are aborted. The fruit is a berry, 
drupe or nut, generally one-seeded, with a large homy or bony 
endosperm with hard thick-walled cells {e.g. Date-palm). In 
some {e.g. Cocoannt) it is thin- walled, soft, and oily; in several 
‘‘imminate/’ 

When commences in the Cocoanut, Date, etc., the apex of the 

cot} ledon remains in the seed and developes into a spongy mass to withdraw the 
endosperm; in the Cocoannt it attains a considerable size (Fig. 299 G) and 


[Although nnbranched stems are characteristic of the Palms, yet branched 
specimens are recorded from some eleven genera. The branches are developed 
rom ateral buds, which, in many instances only deveiope when the terminal 
•hud has been destroyed. A few Palms deveiope axillary branches at the base 
of the stem; these form rhizomes, and give rise to clusters of aerial stems.] 
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assumes tue lorm oi me iruii. J.ne eiiuosperm m tue uocoanur is nonow 
and tlie interior is filled with “milk.” In the Date-palm and the Vegetable- 
ivory (Phytelephas) the cell- walls of the hard endosperm serve as reserve 
material. 

X. PpKFxrCE^. Fhcenix (Date-palm) has pinnate leaves with 
channeled leaflets and dioecious flowers with 3 free carpels, of 


Fig, 297.— Inflor- 
escence of a Palm 
with spathe. At the 
top (5-, at the base 
$ -flowers. 


Fig, 2S8,-^l'ivutona austraUii. 

which usually only one developes into a berry with membraiiou: 
endocarp ; the large seed has a deep furrow on the inner side, anc 
horny endosperm. 

2. Sabale^. These have fan-like leaves with channeled seg- 
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Fig. 299.— Longitudinal section of a Cocoanut (diminished), the inner layer only (the 
stone) not being divided B End view of the stone, showing the sutures for the 3 carpels 
(a), and the 3 germ-pores ; the embrj^o emerges from the lowest one when germination 
begms. C Grerminating ; inside the stone is seen the hollow endosperm and the enlarging 
cotyledon. “ ^ 

3* CotoiNExE. TV ith pinTiate leaves. MoncBcions inflorescence. 
The carpels are united into a 3-locular ovary. The fruit is most 
frequently 1-locuiar, only 1 of the loculi becoming developed, 
rarely 3-locular ; it is a drupe with a large, fibrous, external layer 
(mesocarp) and most frequently a very hard inner layer (endocarp, 
stone) which has 3 germ-pores, the 2 of these, however, which 
correspond to the suppressed loculi are closed; internal to the 
third lies the small embryo (Fig. 299). Endosperm containing 
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abundance of oil. Cocos j (the Oocoanafc-palm), Attalea, Mceis, 
Acrocomia, Bactris, 

4. Lepidocaryinj]. The floral-leaves and flowers are hox’ne in 
2 rows on the spadix . The carpels are united into one 3-locnlar 
ovary ; the fruit is coated hj a layer of hard, shining, imbricate 
scales. The majority of the species are thorny ^ and climb by 
means of the thorny leaves. Some have fan-like (Blauritm) ^ others 
pinnate leaves {Baphia^ Calamus^ Bugeissonia, Metroxylon) the 
stems of the latter die after the first flowering), 

5. BoRASsiNJii. Large Fan-palms -witlioiit thorns, with 3-locular ovary. 
Drupe with separate stones. Lafania and Lodoicea have many stamens ; 

Byphane; Borassus {?eilmyi&-yQlm). 

*6 . Abecinejb. The most numerous group. Feather-palms. Berry. Areca, 
Euteriie, Oreodoxa, Ceroxylon, Cimmcedorea, Geononia, Garyota with bi-pinnate 
leaves. 

7 . Phytelephantin.®. Flowers with rudimentary perianth united in close 
capitula. Phijtelephas (Vegetable-ivory). 

Distributiok. About 1,100 species are known. In Europe only the Dwarf- 
palm (Ctemterojjs /mwiZis) is wild (Western Mediterranean). The Date palm 
{Phmix dactylifera) belongs to North Africa and West Asia. Other African 
genera, are Byphcene (Doum-palm) and Elceis (E. gmneensU, Oil-palm). A 
large majority of the genera are found in South America and in the East 
Indies. The following are American : — Maitritia, Acrocomia, Bactris, Chamce- 
dorea, Oreodoxa, Euterpe, Attalea, etc. Asiatic :—Metroxylou, CaUmus, Areca, 
Borassus, Lodoicea (“ Double-cocoanuts,” Seychelles) and others. The Cocoa- 
nut-palm has perhaps -an American origin ; all the other species of the same 
genus being endemic in America ; it is the only Palm found on the coral islands 
of the Pacific Ocean, and is also the only one which is common to both liemi- 
. spheres. , . 

Uses. Palms belong to the most useful plants ; they contain no poison, and 
are of little medicinal interest, but are largely employed in the arts and manu- 
factures, the hard timber being adapted for many purposes on account of the 
hard, tissue in which the vascular bundles are embedded, “ Cane ” is the 
stem of Calamus-HTpeGies (from India). Sago is obtained from the pith of 
Metroxylon rumphii (Sago-palm, Sunda-Is., Moluccas), Mauritia ftexiiosa, etc. 
Sugar-containing sap (“ palm wine ”) is obtained from the American Mciiivitia 
I'inifera and flexuosa, Borassus fiahelliformis (Asiatic Palmyra-palm), Arenga 
saccharifera, etc., by cutting oil the young inflorescences, or by perforating the 
stem before the flowering {arrack is distilled from this). Vascular strands for 
the manufacture of mats and brushes, etc., are obtained from the outer cover- 
ing (mesocarp) of the Cocoanut, and from the detached leaf-sheaths of Attaka 
funifera (Brazil) (Fig. 296). Wax is yielded by the leaves of Copernicia cerifera 
(carnauba-wax, Amazon region), and by the stem of Ceroxylon andicola 
(palm- wax, Andes) ; East Indian D 7^0 hlood is from the fruit of Calamus 
draco ; the young buds of many species, especially Euterpe, Cocos, Attalea, 
etc., are used as cabbage.” Palm-oil is obtained from the oily mesocaip 
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of the plum-like fruits of Elmi$ gumeemis (W. Africa), and from the seeds 
when it is largely used in the manufacture of soap. Edible Ebuits from 
the Date-palm {PJiccnix dactylifera, Arabia, Egypt, W. Africa), and the 
endosperm of the Cocoa-nut {Cocos nucifera). The seeds and the unripe fruits 
of the Areca-palm (Areca catechu) are chewed with the leaves of the Betel- 
peper, principally in Asia. Vegetable Ivoky from the hard endosperm of 
Phytelephas viacrocarpa (S. America.)--Many species are cultivated in the tropics 
as ornamental plants, but in this country only Cha])iceroi)s liumilis, Lidstona 
australis and chlueusis are generally grown. In addition to the few just 
mentioned, many others are of importance, but these are much the most 
useful. . 

Order 2. Cyclanthacese. This is a small order related to the Palms (44 
species from Tropical America), with fan-like, folded leaves. The flowers are 
unisexual and arranged in whorls or close spirals on an unbranched spadix. 
Ovary unilocular, ovules numerous. To this belongs Carludoma mhnata 
whose leaves are us^-d for Panama hats. ’ 

Order 3. Pandanaceae (Sorew-pines) is another small order, forming a 
transition to the Araceie. The woody, (apparently) dichotomous stem is 
supported by a large number of aerial roots, which sometimes entirely support 
it when the lower portion of the stem has decayed. The leaves are closely 
crowded together, and arranged on the branches in three rows, which are often 
obliquely displaced, with the formation of three spiral lines ; they are as in 
the Bromeliaceffi, amplexicaul, long, linear, the edge and lower midrib often pro- 
vided with thorns. The <J -flowers are borne in branched, the ? in un- 
branched spadices or oapitula, which resemble those of Spargaaimn, but have 
no floral-leaves. Perianth absent. The drupes or berries unite into multiple 
fruits.-About 80 species in the islands of the Indian Ooea.n.~Pa 7 idaims 
Freijoinetia.— Fossils perhaps in the chalk of the Harz. 

Order 4. Typhaceae. The flowers are unisexual, moncecious, 
and borne on a cylindrical spike or globose capitulum • ^ 
inflorescences above, the ? below. The perianth consists of a 
definite number of scales (Sparganimn), or in its place numerous 
irregularly-arranged hairs are found (Typha) ; in the -flower 
there are generally three stamens ; the gynoeceiim is formed of 1-2 
carpels with 1 prolonged style ; 1 pendulous ovule. The seeds are 

furnished with a seed-cover, which is cast oflf on germination. 

Iho few species (about 20) which belong to this order are marsh 
plants with creeping rhizome (and hence grow in clusters) ; the 
leaves on the aerial shoots are borne in two rows, entire, very 
long and linear. 

Sparganmm (Bur-reed). The flowers are borne in globose 
capitula; the perianth distinct, generally consisting of 3 small 
scales ; pistil hi-carpellate. Drupe, dry and woody. The stalk of the 
lower ? capitula is sometimes umt -d with the main axis, and consequently the 
capitula are situated high above their subtending-leaf. 
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Typha (Bulrush, Reed-mace) has a long, cjliudrical, bi^own 
spike, the lower portion hearing ? -flowers, and the upper g -flowers, 
which is divided into joints by alternate leaves. The ? -flowers 
have 1 carpel. The perianth is wanting, represented by a number 
of fine, irregularly-placed hairs ; pistil unicarpeilate. Fruit a nut. 

The two genera, according to some, are related to the 2nd order In both 
genera native species are found. The pollination is effected by the wind, and 
consequently the anthers project considerably, and the stigma is large and 
hairy. Typha is protandrous, Sparganium protogynous. The small, tine 
hairs surrounding the nut of Typha assist in its distribution by the wind. — 
Fossil Typhus in the Tertiary. 

Order 5. Araceae (Arums). The flowers are small, aud always 
hovne loithout tracts or hracteoles on an unhrancJied^ often very fleshy 
spike, which is enclosed by a spathe, offen petaloid and coloured 
(Fig. 331). Tlie fruit is a terry. Outer integument of the seed 
fleshy. — The leaves have generally sheath, stalk, and blade wdth 
distinctly reticulate venation ; they are chiefly cordate or sagittate 
(Fig 302), seldom long with parallel venation as in the other ’ 
Monocotyledons (Acorus, Fig. 300). The Araceas are quite 
glabrous.^ generally perennial lierts with tubers or rhizomes. Many 
have latex. — For the rest the structure of these plants varies ; for 
example, while some have a perianth, in others it is wanting ; in 
some the perianth -leaves are free, in others united; some have 
hermaphrodite flow’-ers, but the majority unisexual (monoecious) ; 
some have free, others united stamens; the ovules are 
orthotropous, anatropous, or campylotropous, erect or pendulous ; 
the ovary is 1-many-locular ; some have seeds with endosperm, 
others without. In habit there are great differences. While some, c.y. Colo- 
casia (Fig. 302), have a thick, more or less upright stem, with leaf- scars, but not 
woody, others are climbers, epiphytic, and maintain themselves firmly by means 
of adventitious roots, on the stems and branches of trees, or even on steep rocks, 
e.g. Philodendron ; the cordate, peuuinerved leaf is the most common (Fig. 
302), but various branched forms appear ; the pedate leaves of Helicophyllum, 
Draeuncidus, etc., are cymosely branched; the leaves of Ilomtera ddiclosa, 
perforated by tearing, should be noticed (the vascular bundles while ia the 
bud grow faster than the tissue between them, causing the latter to be torn, 
and the leaf perforated). With regard to the anatomical structure, the 
presence or absence of latex, raphides, resin-passages, groups of mucilage- 
cells should be noted. Engler makes use of these anatomical peculiarities for 
a scientific arrangement of the order. 

A. Orontie.^j, Oa lam as-0 roup. hypogynous flowers of a 

completely formed mouocotyledonous type (number in the whorls Ii 
2,3, or i). — Acorus (A. calamus, Sweet-flag) has a regularj^ 
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I’lG. 300.— itcorws calamus i A babifc (much 
reduced); JB inflorescence; 0 a flower; D 
diagram ; JE longitudinal section of an ovary • 
F an ovule. 


3-merons, pentacjclic flower 
(Fig. aOO 0,1)), They are 
inarsli-plaiits, with creeping 
rhizome, triang'ular stem, 
and long, sword-like leaves 
(Fig. 300 A) ; the inflor- 
escence is terminal, appa- 
rently lateral, being pushed 
to one side by the npright, 
sword-like spathe (Fig. 300 
B).~A7ithiirmm (Pr2 + 2, A5J + 2, 
Pothos ; Orontiurn (unilocular 
ovary with one ovule), etc. 



Fig. 301. — Arum, macidatum. The 
spathe (h) iti B is longitudinally 
divided. 
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B. Calle.^. Flowers lijpogjnoas, naked, J Galla (G. 
palustris). Ail flowers in the spike are fertile, or the upper ones 
are S ; stamens ; ovary unilocular with many basal ovules. 
Marsh-plants with creeping rhizome and cordate leaves.— iUoHsjf era, 
BJiapMdophora, etc. 

C. ARiiVEJi, Flowers monoecious, naked, ^ -flowers on the upper, 
5 on the lower part of the spadix.— Arwm (Fig. 301). The spadix 
terminates in a naked, club-like portion (k) ; below this is a 
number of sessile bodies (rudimentary flowers), with broad bases 


Fig-. 302.— CoZocasia Boryi. 


and prolonged, pointed tips (b) ; underneath these are the “ 
flowers (m), each consisting only of 3-4 short stamens, which eject 
veimiform pollen-masses through the terminal pores ; then follow, 
last of all, $ -flowers (/), each of which consists of one unilocular 
ovary, with several ovules. Perennial herbs, tuberous, with 
cordate leaves. — Dracunculiis ; Biarum; Arisarum; PinelHa (dthei'umsytei'- 
iiata with leaves bearing 1-2 buds. Zantedeschia, csthiopica {Bicluirdici, Nile- lily) ; 
S , 2-3 stamens ; $ with 3 staminodes, 1-5-locular ovary (S. Africa.)— -In some 
genera sterile flowers are present between the <? and ? portions of the spadix 
{e,g, in Philodendron) ; in Amhrosinia a lateral, wing-like broadening of the axis 
of the spadix divides the cavity of the spathe into two chambers, the anterior 
W. B. X 
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containiDg one $ , and the posterior 8-10 ^ -flowers in two series ; in some tlie 
stamens in the single (? -flowers unite and form a columnar “ synandrium ” 
in Dieffenbadiia, Colocasia, Alocasia, Cakidinvif Taccarnm, Syngoniim). 
A remarkable spadix is found in Sjpathicnrpa; it is united for its entire length, 
on one side, with the spathe, and the flowers are arranged upon it in rows, the 
$ to the outside, and the ^ in the middle (Zostera has a similar one ). — Pista 
similarly deviates considerably, it is a floating water-plant, wnth hairy, round 
rosettes of leaves ; in it also the spathe and spadix are united ; at the base a 
$ -flower is borne, which consists of one unilocular ovary, and above several 

-flowers, each composed of two united stamens. 

Biology. The inflorescences are adapted for insect-pollination ; they are 
protogynous, since the viscous, almost sessile stigmas come to maturity and 
wither before the pollen, which is generally dehisced by apical pores, is shed; 
some pollinate themselves freely by the pollen from the higher ^ -flowers 
falling upon the $ -flowers below them, and in some it is conjectured that the 
pollination is effected by snails. The coloured spathe, and the naked end of 
the spadix (often coloured) of certain genera function as the coloured perianth 
in other orders ; during flowering a very powerful smell is often emitted. Arum 
maculatmn is worthy of notice; small flies and midges creep down into the 
spathe, between the sterile flowers (Big. 301 6), which are situated where the 
spathe is constricted, and pointing obliquely dowmwards prevent the escape 
of the insects; in the meantime, the stigmas are in a condition to receive 
any pollen they may have brought with them ; after pollination the stigmas 
wither, and exude small drops of honey as a compensation to the flies for their 
imprisonment ; after this the anthers (m) open and shed their pollen, the sterile 
flowers wither, and the insects are then able to escape, and enter and pollinate 
other inflorescences. — In many, a rise of temperature and evolution of carbonic 
acid takes place during flowering ; a spadix may be raised as much as 30*^0. 
above the temperature of the surrounding air. — Again, under certain conditions, 
many species absorb such large quantities of w^ater by their roots that water is 
forced out in drops from the tip of the leaf ; this may often be observed in 
Zantedeschia. 

About 900 species in 100 genera. Home, the Tropics, especially S. America, 
India, and the Indian Islands, preferably in shady, damp forests growing 
as epiphytes upon trees, and on the banks of streams. Outside the Tropics 
few are found. Acorns calamus was introduced into Europe from Asia about 
300 years ago ; it, however, never sets any fruit, as the pollen is unfertile. In 
England Arum maeulatim is a very common plant; this and A. italicnm 
are the' only native species. Colocasia antiquorum comes from Polynesia 
and the Indian Islands, and also Alocasia macrorrhim. Possils in Cretaceous 
and Tertiary. 

Uses. Many species have pungent, and even poisonous properties {e,g. 
JOieffenhachia, Lagenandra, Anm), which are easily removed by boiling or 
roasting ; the rhizomes of many species of Caladium, Colocasia {C, antiquorum^ 
esculenta, etc.), are very rich in starch, and in the Tropics form an important 
source of food. An uncommon occurrence in the order is the highly aromatic 
rhizome of Acorus calamts; this contains calamus-oil and acorin which are used 
in perfumery. Many are ornamental plants, e,g, Zantedeschia cetliiopica (South 
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Africa), generally known as “ Calla,” and Momtera deliciosa, ; many other 
species are grown in greenhoTises, 

Order 6. Lemnacese (Duck-weeds). These are the most 
i^educed form of the Spadiciflorae. They are very small, free- 
swimming water-plants. The vegetative system resembles a small, 
leaf-like body (Fig. 303 /-/), from which roots hang downwards ; 
this branches by producing a new, similar leaf-like body, which 
springs from a pocket-like hollow (indicated by a dotted line in 
the figure) on each side of the older one, at its base (or only on 
one side). The branching is thus dichasial or helicoid (Fig. 303 A, where 
f,fyf\f" indicate shoots of 1st, 2nd, 3rd, 4th generations i^espectively). The 
leaf-like bodies are, according to Hegelmaier, leaf-like stems, and thus Lemna 


Fig. 303,— lemna : A vegetative system ; B portion of a plant with flowers ; one stamen 
and tip of the carpel project ; the remaining portions being indicated by the dotted line. 

has no other leaves than the spathe and the sporophylls ; according to the in- 
vestigations of Engler they are stems whose upper portion (above the “ pocket ”) 
is a leaf, which is not sharply separated from the underlying stem-portion. 
The inflorescence is a very much reduced Araceous-spadix, consisting in Lemna 
of 1 or 2 stamens of unequal length (1-stamened <? -flowers), 1 unilocular 
carpel (? -flower), and 1 thin spathe [B). [The same is found in Spirodela 
polyrrliiza^ etc., whose daughter-shoots begin in addition with 1 basal-leaf. 
Wolfia arrhiza, etc., have no roots, no spathe, and only 1 c? -flower in the 
inflorescence (Engler).] — On the germination of the seed a portion of the testa 
is thrown off as a lid, so that an exit is opened for the radicle. — 19 species. In 
stagnant fresh water, both Temp, and Tropical.-— In Europe the species are 
Lemna minor, trisalca, gihha ; Sinrodela polyrTUza, and Wolffia arrliiza, the 
smallest Flowering-plant. 
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Family 4. Enantioblastse. 

The flowers in this family are Jiypogy^tous and have in part the 
general monocotyledonous type with 5 trimerous whorls completely 
developed in a regular hermaphrodite flower, and in part the 
flowers so much reduced that the type is very diiScuIt to trace. 
On the one hand the family is well developed and has capitate 
inflorescences (Eriocaulacece) and on the other hand it is distinctly 
reduced {Centrolepidacece) . This family has taken its name from 
the fact that the ovule is not, as in the Liliiflorge and nearly all 
other Monocotyledons, anatropous, but ortliotropous, so that the 
embryo {^Xdcrrrj) becomes placed at the end of the seed opposite 
(ivavrtos) to the hilmn. Large, mealy endosperm. — The orders 
belonging to this family are by certain authors grouped with the 
BromeliacecB and Fontederiacece, etc., into one family, Fartnosj:, 
so named on account of the mealy endosperm, the distinguishing 
character of the Liliiflorse then being that the endosperm is fleshy 
and horny. 

Order 1. Commelinaceas. The complete Liliaceous structure without great 
reductions in the number of whorls, but with generally few ovules in each 
loculus of the ovary, is found in the Commelinacese, an almost exclusively 
tropical order with about 317 species ; herbs, some of which are introduced into 
our gardens and greenhouses. The stems are nodose ; the leaves often cU$‘p‘ 
ing ; the flowers are arranged in unipared scorpioid cymes, often so that they 
form a zig-zag series falling in the median line of the bracts, and after flowering 
they bend regularly to the right or left, outwards or inwards. They are more or 
less zygomorphic, particularly in the stamens, which in the same flower are of 
different forms or partially suppressed. The outer series of the perianth is 
sepaloid, the inner petaloid, generally violet or blue ; the filaments are some- 
times clothed with hairs formed of rows of bead-like cells (well known for 
showing protoplasmic movements). Fruit a trilocular capsule with loculicidal 
dehiscence (generally few-seeded) ; in some a nut. The radicle is covered . by 
an external, warty, projecting covering which is cast off on germination.— 
The abundant raphides lie in elongated cells whose transverse walls they 
perforate. — Commelina^ Tradescantia, Tinnantia, Cyanotis, Dichorisandra. 

Order 2. Mayacacese. This order is closely allied to the Commelinaceffi. 
7 species. American marsh- or water-plants. 

In many of the following orders of this family the flowers are united into 
compound inflorescences, with which is accompanied a reduction in the flower. 

Order 3. Xyridaceae (50 species). Marsh -pi ants with radical, often equit- 
ant leaves arranged in 2 rows, and short spikes on long (twisted) stalks. The 
flowers, as in the Commelinaceje, have sepals (which however are more chaffy) 
and petals, but the outer series of stamens is wanting. Capsule (generally 
many-seeded). 

Order 4. Rapateaceee. Marsh-plants with radical leaves, usually in two 
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rows, and several spikelets on the summit of the main axis, clustered into a 
capitulum or unilateral spike. Each spikelet has numerous imbricate floral- 
leaves and one flower. 24 species. South America. 

Order 5. Eriocaulaceae. The “ Compositse among Monocotyledons,” a 
tropical order. The flowers are borne in a capitulum surrounded by an involucre, 
very similar to that of the Compositfe. The flowers are very small, unisexual, 
$ and ? often mixed indiscriminately in the same capitulum ; they have the 
usual pentacyclic structure ; the leaves of the inner perianth are often connate 
and more membranous than the outer ; in some the outer series of stamens 
are suppressed ; in each of the 3 loculi is one pendulous ovule. Capsule. The 
leaves are generally radical and grass-like.— 335 species ; Eriocaulon, Paepa- 
lanthus, etc., E. septangulare on the west coast of Scotland, and Ireland, and in 
North America. 

Order 6. Restiaceae. A small, especially S. African and S. AustraliaUj 
xerophilous order (about 235 species), which is quite similar in habit to the 
Juncaceas and Cyperacese. The leaves are often reduced to sheaths. The 
flowers are dioecious, the perianth as in Juncus, but the outer series of stamens 
suppressed. The ovary and fruit as in Eriocaulaceas ; the ovary, however, may 
be unilocular, and the fruit a nut. Restio, etc. 

Order 7. Centrolepidaceae. These are the most reduced plants in the 
family ; small grass- or rush-like herbs. The flowers are very small, naked. 
Stamens 1-2, carpels 1-co. 32 species. Australia. — Centrolepis (flowers 

generally 5 1 stamen and 2-oo carpels). 

Family 5. Liliifiorse. 

The flower is constructed on the general monocotyledonous type^ 
with 5 alternating, 3-inerous whorls (Fig. 278), but exceptions are 
found as in the Iridacese (Fig. 279) by the suppression of the inner 
wdiorl of stamens ; in a few the position in relation to the bract 
differs from that represented in Fig. 278, and in some instead of the 
trimerous, di- ortetra-merous flowers are found (e.g. MajantJieinum, 
Paris). Flowers generally regular.^ hermaphrodite, with simple, 
petaloid, coloured perianth (except, for example, Broraeliacece) ; 
ovary trilocular, generally with 2 ovules or 2 rows of ovules in the 
inner angle of each loculus (Fig. 304 G, jD). Endosperm always 
present. — A very natural family, of which some divisions in part 
overlap each other. The habit varies ; the leaves are however long, 
entire, with parallel venation, except in Dioscoreacege (Fig. 313). 

In the first orders of this family the flowers are hypogynous, and in the 
first of all the styles are free, and the capsule dehisces septicidally ; in the 
following the flowers are epigynous and in some reduced in number or uni- 
sexual ; capsule with loculicidal dehiscence, or a berry. 

Hypoovnous flowers : Golchicaceas, Liliacefe, Gonvallariacese, Bromeliaceai (in 
part). 
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Amaryllidaceffi, Iridace^e, Bromeliace^ (in part), Dios- 


EncrTNous flowers 
coreaceie. 


Ui'cier 1. Colchicacese. The flower (Fig. 304 ^) 
liypogynous, irimerous in all five whorls" (6 stam 
nsnallj extrorse, Gjnceceum with 3 free styles (J 
capsule with septicidal dehiscence {E) ; embrjo very si 
underground stem is generally a conn or rhizome, se] 

A. Yeijatrej]. — Yeratrum ; perennial herbs, ste 
long internodes and broad, folded leaves ; the fi 
monoecious, with free, widely opening perianth -leaves 
and globular anthers; inflorescence a panicle.* 
Melanthium, 8 chmnocmdon^ Umtlaria, Tricyrtis. 

B. 'iOYmijm-Em.-~Narthecmm and To/zeZdia have 
nate (arranged in two rows), sword -like and borne 
racemes or spikes. Narthecium forms an exception to 
having a simple style and fruit with locniicidal 


Fig. ZQ4.-Vemtnmi : A flower; B stamen ; C transverse seotion of 
with one carpel bisected longitudinally, and the third removed • E fj 
F longittidinal section of a seed, ’ 


lojieidta by the introrse anthers. In this they are related to the 
Lihaeeffi. Narthecium Las poisonous properties, like many otLer 
Colchicacete. 

C. CoLCHiCE ^. — Colchicum (Autumn Crocus) ; perennial herbs, 
with a long, funnel-shaped, gamophyllous perianth, and introrse 
anthers. The flowers of 0. autumnale spring up immediately 
froni the underground stem, which is in reality a com formed of 
one mternode. Colchicum, autumnale flowers in autumn without leaves ; in 
spring the radical foliage-leaves appear simultaneously with the fruit The 
flower IS protogynous.and is pollinated by insects (humble-bees, etc.) which 
seek the honey secreted by the free part of the stamen a little way down the 
tube. The length of the tube protects the fruit, and not, as in other cases, the 
neeiuxj.-Bulbocodium and Merendera have unguicnlate perianth-leaves, free 
but closing together like a tube. * 

175 species; chiefly in North' America and South Africa. TofieUia is an 
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Arctic plant. The order is rich in pungent, poisonous alkaloids (veratrin, 
colchicin, etc.). Officinal ; the seeds of Golchicun autumnale (Europe) and 
Scho^nocanloji officinale (Mexico), and the rhizome of Veratrum album (mountains 
of Central Europe). 

Order 2. Liliacese (Lilies). Mowers as in the ColehieacetB 
hut with iutrorse anthers ; ovary free^ ^-locular ^ with single style ; 
capside 3-locuIar with loculicidal dehiscence, — The majority are 

■ ■ A 



FiG, 305 , — CoJchimm autumnale, A Corm seen from the front : fccorm; sV' scale-leaves 
embracing the flower- stalk ; uh base of flower-stalk with roots (w). B Longitudinal section 
of corm and flower-stalk : hh brown membrane surrounding the underground portion of 
the plant ; s£ flower- and leaf-stalk of previous year, the swollen basal portion forming the 
reservoir of reserve material. ""The new plant is a lateral shoot from the base of the corm 
(fe)and has the following parts : the base bearing the roots (w), the central part (Ic') which 
becomes the corm in the next year, the axis bearing the scale-leaves (s^ s'O. the foliage- 
leaves (I, and the flowers (b, h') which are borne in the axils of the uppermost foliage- 
leaves. 



S12 
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hevhs with hdbs ; the inflorescence is termwal In many species renro 

efoliage-leaves (e.g. Lthum iulbifemm, lancifoUum, etc., Gagea lancifolm 

sneoies'slwl 1 AUmm) ^ in many 

species several buds are developed as bulbs in the axils of the bulb-sLles them 

budTis^ZoTonteWs^ the formation o'f 

A. Tuli™, Tump Group. Bulbs. The aerial, elongated stem 
bears the fohage-Ieaves. Flowers few bnt generally large, with 
lee perianth-leaves. TuHpa ; style absent, no honey/ flowers 
general y solitary, erect.-F'HfiZkrm perianth campannlate with 
a round or oblong nectary at the base of each perianth -leaf. - 

^oiSc\ti[e.---Lloydia; Erythronium, 

stom Htaciuth Group. Bulbs. Leaves radical ; aerial 

stem leafless with raceme or spike. In some the perianth-segments 

*• , ’ Honeyisproducedofteninglandsor 

iLwe^^ (septal glands).-OrmY%aZ«m has a 

rnlmo »^as a tuft of floral-leaves above the 

stem Leaves radical, 

of un nf r Tv umbellate or capitate inflorescence 

of uniparod hehcoid cymes, which before flowering are sur- 

petaldd andbideltlt^''”^'^ mvolucral leaves.-jffi„™. Filaments often 
petaloid and bidentate ; m many species bulbils are found in the inflorescence 
-Some species have flat leaves: .ati.un. Garlic; porr^^"Z7 A 

Wmtei Onion, A. ascalomcnin, Eschalot; A. sclmmoprasum., Chiye.^Gaoea ^ 
honey is secreted at the base of the perianth, no special nectarvi 

inflorescence few-flowered— JgapuwtAag; Triteleia. 

Ami' Rhizome; raceme; the leaves not fleshy and thick — 

1... Z «h •' “■ “ 

E. AnoiNEa:, Aloes. Stem generally aerial and tree-like, bearing on its snm 
or unbranched— AZoc; Galena; Yucca (has secondary thickening, p. 274). 

(^4: z:™- 

At this point the following are best placed: Aphyllauthcc (A. mompcliensM • 
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About 1,580 species ; rare in cold climates ; tlxeir home is in sunny plains 
with firm, bard soil, and warm or mild climate, particularly in the Old World 
(S. Africa; As. Steppes; Mediterranean) ; at the commencement of spring the 
flowers appear in great profusion, and after the cciurse of a few weeks disappear ; 
during the hot season their life lies dormant in the bulb, hidden underground 
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The woody species are tropical. — The majority of the introduced Liliace^e 
(Fritillaria imperialts, Orown-imperial ; Liliiim candidiun; Tulipa gesueriana; 
Hyacinth ; Mascari-species ; /Set W<x- species ; Ornithogahm nutans ; Hemerocallis 
fulva SLiid flava ] Asphodelus luteus and alhits) come from the Mediterranean and 
W. Asia ; F unckia from China and Japan ; several Lilies from Japan and the 
Himalayas ; AgapanthiLs from the Cape ; Allium sativum is a native of the 
Kerghis -Steppes ; A, cepa from Persia (?) ; A. ascaloiiiciim is not known 
wild (according to others a native of Asia Minor), perhaps a form of A. cepa ; 
A, scJmiiopmsim from the N. temp, region. 

Many bulbs have pungent properties ; many Onions are used as culinary plants 
The bast fibres of Fhormium tenax (New Zealand Flax) are used technically. 
Dyes are obtained from the Aloe ; gum for varnish from the stem of Xanthorrh(m 
h-isHlfl and australe. Officinal; “Aloes,” the dried sap of S. African species 
of Aloe {A. A*fricana, A.ferox, etc.) ; the bulb known as “Squills” from Urginea 
(Scilla) mariiima (Mediterranean). 

Order 3. Convallariaceae. This order differs from the 

Liliacege in having the fruit a berry (Fig. 308) and m never being 
bulbous \ the seeds are less numerous. 

A. Convallapiej:, Lit.y of the Valley Group. Rhizome (Fig. 
307) and normal foliage-leaves. — Pohjgonatumi rhizome creeping; 

aerial shoot leafy, bearing the 
flowers in racemes in the axils of 
the foliage-leaves ; perianth tubu- 
lar. P. (Solomon’s 

seal), P. officinahf etc. — Majanthe- 

mmn: flower 2-merous ; periautli 
almost polyphyllous, spreading. 
SmilacAna. iStreptopus (S, aniplexi- 
f alius ; the flowers or inflorescence 
unite with the entire succeeding 
internode). — Gonvallaria (1 species 
G. majalis, Lily of the valley) ; flowers in terminal racemes ; 2 basal 
foliage-leaves ; perianth globose, bell-shaped. Beinechea carnea 
(Japan, China) in gardens. — Paris (P. quddrifolia^ Herb-Paids) ; 
flowers solitary, terminal, 4-merous, polyphyllous ; styles 4, free 
(approaching the Colchicacese ; it is also poisonous) ; a whorl of 
4 (-more) 3-nerved, reticulate leaves on each shoot. — Ornamental 
plants: species of Trillium^ Aspidistra elatior (Japan). 

B. Aspaeaoej), Asparagus Group. Scale-like leaves and green 
assimilating branches. — Asparagus : horizontal rhizome. The aerial 
shoots are very richly branched ; the numero us needle-like bodies 
upon the plant are leafless shoots^ which are crowded together in 
double scbfprdfdljymes iTthe axils of the scale-leaves ; the two first 


Pig. 307. — Rhizome of Polygomtuni 
multijlovum : a bud ; h shoot ; e d scars 
left by shoots of previous years. 
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flowers. Polygamous. — Jtuscus (Butcher’s broom) is a S. European shrub 
with leaf-like, ovoid or elliptical shoots (phylloclades) which are borne in the 
axils of scale-like leaves, and bear flowers on the central line. Dioecious. 
Stamens 3, united, anthers extrorse. Semele androgyna bears its flowers on 
the edge of the flat shoot. 

C, Smilacej]. Smilax (Sarsapainlla) (Pig. 308); climbing 
shrubs with the leaf-sheath produced into tendrils. The leaves 
have 3-5 strong nerves proceeding from the base, and are reticulate. 
Orthotropous or semi-anatropous ovules. Dioecious (Pig. 308 G,JS), 

D. DRACJiiNEiE. Fruit in some a berry, in others a capsule. The stem of 
DRACiENA, when old, has the appearance of being diehotomously branched ; it 
has the power of increase in thickness, and may become enormously thick. The 
Dragon-tree of Tenerifle, measured by Humboldt, attained a circumference of 
14 m. and a height of 22 m. ; the leaves are large, linear or linear- lanceolate, — 
Cordyline (East Asia), various species in gardens and greenhouses {Yucca is 
closely allied). Asteiia, 

Pollination. Faris qiiadrifoUa and Convallaria majalis have no honey, 
and are chiefly visited by pollen-collecting bees (in the absence of insect visits 
self-pollination takes place) ; Folygonaium multijiorimi has honey secreted by 
septal glands and protected by the base of the tubular perianth ; it is pollinated 
by humble-bees, etc. Asparagus ojicinalis has small, polygamous, greenish, 
honey-bearing flowers; the c? -flower is almost twice as large as the ? ; both 
have rudiments of the opposite sex. 

About 555 species ; especially from N. America, Europe, and Central Asia, 

O^FICI^AL : “ Dragons’ -blood,” a red resinous juice from the stem of 
Dr acre na and the roots of some Central American species of Srnilax. The 
tuberous stems of the Eastern Asiatic Smilax glabra are officinal. The flowers 
of Coni allaria majalis have been lately hsed as a substitute for Digitalis, 
Pungent, poisonous properties are possessed by Paris, None of the species are 
used as food, except the young annual shoots of Asyaragus officinalis, a shore- 
plant which is used as a vegetable. 

Order 4. Pontederiaceae. Flowers generally zygomorphic, hypogynous, 5 » 
with handsome, white or violet, petaloid perianth which forms a tube at its base. 
The stamens are inserted at different heights in the perianth-tube, and are re- 
duced to three (in Ketcnmthei a seldom to one). In some the ovary is trilocular 
with 00 ovules [Eichhorma), in others reduced to one loculus with one ovule 
(Fontederia). Fruit a capsule or nut. Embryo as long as the abundant, mealy 
endosperm. — Tropical water-plants (22 species) with peculiar sympodial branch- 
ing, nearly the same as in Zostera, Spikes without floral-leaves. Many inter- 
cellular spaces in the stem and leaf.— In greenhouses: Eichhornia azurea, E. 
crassly es (both from tropical and sub -tropical S. America) ; the latter has 
swollen petioles which serve as floats and enable it to float freely on the water, 
sending down its roots into the mud. Hetcvanthe, a renifonids, H, zosterifoda, 
Fontederia cordata. 

Order 5. Amaryllidaceae (Narcissi). The flower is eyi- 
gynous^ otherwise exactly the same as in the Liiiaceae (6 stamens).. 
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The majority, like these, are also herbs with bulbs and 

scapes. The fruit and the other characters as in the 
The external appearance is, however, very different. 

A. Amakyll ej] have bulbs and the leaves generally 'arranged 
in two rows ; the flowers are borne singly or in umbel-like in- 
florescences on lateral scapes, while the main axis of the bulb is 
unlimited. Beneath the inflorescence is an involucre (Fig. 309). — 
Gdantlius^ Snowdrop, has a polyphyllous perianth without corona ; 
the three inner perianth-leaves are emarginate and shorter than 


Fig. 209.’— Pancratium carihceum* 

the outer; the anthers dehisce apically. differs in having 

the perianth-leaves equal in length. —AmaryUis has a funnel-shaped perianth, 
entirely or nearly polyphyllous, but somewhat jsygomorphic. Crimim; 
Hcemanthus ; Clwia,—]sfarcissus has a tubular corona^ a ligular struc- 
ture arising from the perianth-tube exterior to the outer stamens. 
In Pancratium (Fig. 309) the corona is united with the filaments which appear 
to spring from its edge. Eiicharis amazonica. 

B. H^roxiDE.®. The leaves, which are grass-like, dry, folded, and in some 
hairy, spring from a rhizome, generally with a divergence of ^/s. Flowers small, 
perianth polyphyllous, persistent, on which account perhaps the Hyposideas may 
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be considered as the least altered type. The chief characteristic is that the 
embryo is separated from the hilum. Hypoxis ; Curculigo {€. recurvata, a 
favourite ornamental plant ; S.E. Asia). 

C. Alstiicbmerieje. (Aistrcemeria, Boviarea) ; stems long, leafy, often climb- 

^ \ 

D. Yellosie^ (Vellona, Barbacenia] ; stem woody, usually dichotomously 
branched, with terminal, single flowers ; it bears numerous aerial roots which 
pierce the leaves and surround the stem. Stamens often (by splitting) 6~18. 
High table-lands of S. America and S. Africa. 

E. AgaveuE. Yery similar to the Bromeliaceee both in their distribution 
(nearly all American) and in external appearance. They appear as gigantic bul- 
bous plants with perennial, aerial, generally short stem, and perennial, large, 
lanceolate or linear, stiff, thick, and often thorny leaves, which form a large 
rosette ; after the course of several (8-20) years the terminal inflorescence is 
developed, which is 10-12 m. high, paniculate, and freely branched. Before 
the inflorescence expands, a large quantity of sugar-containing sap is collected 
from A. americaiia by removing the terminal bud; this on distillation yields 

pulque,” the national drink of Mexico. After flowering the entire shoot dies, 
but the subterranean lateral shoots survive and reproduce the plant. — Agave 
QMericana^ etc. ; Fpurcroya ; Polianthes tuberosa (Tuberose ; Central America). 

Distribution. The 650 species are chiefly natives of S. Africa and S. 
America. Olivia, Hvenianthus, Amaryllis are from the Cape ; Narclss 2 is from S. 
Europe, whence many species have been introduced ; Galantlms and Leucojum 
are especially from S. and Central Europe, and' from the Caucasus. 

Uses, few, except as ornamental plants : Galantlms nivalis ; Leucojum; Nar- 
cissus 'pseudonarciiisus, N. poetiens, N. jonquilla, iV. tazetta, etc. ; Amai'yllis, 
ALtrmmeria, EucharU, Crinum, Vallota, etc. The vascular bundles of the various 
species of Agave [Agave rigida, var. sisalana, sisal hemp,) are used for cordage, etc. 

Order 6. Bromeliaceae. The flowers are liypogjnoas, 

; tlie perianth is divided into calyx 
and corolla \ stamens 6. The fruit is a capsule or beny with 
many seeds. Endosperm mealy, embryo small, at the edge of the 
endosperm, but not enclosed by it. 

Perennial herbs with a very characteristic appearayice (Pig. 310) ; 
the stem is most often short, thick, and crowned by a rosette of 
many leaves, which are long, often very narrow, leathery, stiff, 
and with a spiny edge; they are usually channeled, completely 
closing round each other, with their edges forming a tightly closed 
hollow, in which generally water is collected (tliis among other 
things insulates the inflorescence and thus prevents the access of 
creeping insects, such as ants). The presence of numerous stellate, 
water-containing hairs often gives the leaves a grey appearance, 
and the layers of cells beneath the upper epidermis of the 
lamina form an ‘‘aqueous tissue,” which serves as a protection 
against the rays of the sun and regulates the evaporation. The 
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-Aechmia miniaia. 


stomata are often sitnated in 
farrows on the nnder-side of 
the leaf, and hence cause a 
striped appearance. They are 

peciaTiy from S. America, where ^W P^IIll '. iifflfM W 

they live partly as epiphytes on 

trees, partly in. the clefts of rocks, 

often on the steepest slopes, to 

which they firmly attach them- 

selves by aerial roots; some are 

terrestrial. The stem is seldom 

treedike or many metres in 

height (Fuya, in Chili ; Hechtia, 

in Mexico). The inflorescence is 

a terminal spike, raceme, or ^ m ^ wp, 

panicle, often with large and • W 

brightly-coloured floral-leaves. , » 15/ 

The flowers are without scent. i’l©, 311.— Multiple-frult of Ananassa sativa. 
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The seeds, in the species whose fi’uit is a capsule, are often pro- 
vided with wings (hairs, expansions, eicy.—Ananassa saUva^ F^ 
apple (W. Indies, Central America) is cultivated for the sake of 
its juicy, aromatic fruits, which coalesce with their fleshy bracts 
and form a large spike-like fruit-cluster (multiple-fruits/ Fig 3H) 
healing on its apex a leafy shoot, -which may be used as a cutting. 
Seeds very rarely developed. — Tillandsia (T. iisneoides is a fila- 
mentous, richly branched, rootless epiphyte hanging in masses 
from trees; Trop. Am.), A ec^mea, BillbeQ^gia, Fitoairnia, etc. 

Uses. The leaves of the Pine-apple, in its native country, are used for the 
manufacture of cloth. 

Order 7. Hsemodoraceae, 120 species ; in all parts of the world except 
Europe ; perennial, often tomentose and resembling the Bromeliaceas, Iridace® 
and Amaryllidaceje. Hcemodorum (Australia).— To this order belong Ophio- 
pogon, JPeliosantheSj Sanseviera^ and others. 

Order 8. The Iridaceae have epigynous^ hermaphrodite flowers 
with petaloid perianth as in theAmaryl]idace8e,but the mte^dor whorl 
of stamens is entirely suppressed, and the 3 developed outer stamens 
have extrorse anthers (Fig. 279) ; there is 1 style with 3 large, gene- 
rally more or less leaf-like branches bearing the stigmas. Ovary and 
capsule as in the Amaryllidacege and Liliaceae.— Perennial herbs ; 
bulbs are rarely found, but horizontal rhizomes, corms, etc., take 
their place. The leaves are (except Crocus) as in the Iris, two- 
rotved, equitant and sivord-UJce. Flowers or infloi*esceiices terminal. 

The Iris (Flag) has a horizontal rhizome. The flowers are borne 
in the leaf-axils in fan-like inflorescences (rhipidium). The 
branches of the style are large and pefalnid ; on their under surface 
may be seen a small projecting shelf (Fig. 312 a) having on its 
upper surface the stigmatic hairs. Beneath the branches of the 
style are 3 well protected stamens, and immediately outside these 
the external perianth-leaves. The honey is secreted in the perianth-tube, 
and the insects, endeavouring to obtain it through the narrow passages at the 
base of the stamens, settle upon the outer perianth-leaves, which are bent back- 
wards and often very hairy along their central line. The insects then rub 
their hacks on the anthers just above them, beneath the branches of the style; 
they readily deposit the pollen on the, stigma of another flower as they enter it, 
but cannot do so in withdrawing, since the stigma is pushed back, and self- 
fertilisation. is thus avoided. The stylar branches lie close to the outer 
perianth-leaves, which are just beneath them, or separated by a distance of only 
6-10 mm. ; the first form of flower is adapted for Rhingia roUrata, the 
latter for bees.— bas vertical, tuberous, underground stems 

^ The aggregation of the fruits of several distinct flowers into one mass. 
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surrounded by the leaf-sheaths (conns), and terminal flowers; the 
linear leaves are not eguiUmt, but have two long‘itndinal furrows 
on the under side. The perianth is gamophjilous and funnel- 
shaped. The stylar branches (stigmas) are fleshy, rolled together 
in the shagoe of a liorn^ and split along the edge . — Gladiolus has 
corms like the Crocus ; spikes with slightly zygomorphic, almost 
bilabiate flowers, most frequently turning to one side. Position 
of the leaves as in the Iris. — Diplarrhena has 2 fertile and 1 barren 
stamen; Her modact ulus has a unilocular ovary with 3 parietal placentae. 
Gypella auci Tujridia have bulbs. 


Fig. 312.~In's psemlacoriis. One external and two internal perianth-leaves, and one 
of the stylar-branches have been removed, y The outer, i the inner perianth-leaves ; 
<j stylar-branch ; a stigma ; s anther. The ovary is seen in longitudinal section. 


770 species ; chiefly in the countries round the Mediterranean, and in Africa, 
especially the Cape {Qladiohis, Ferret ria ^ Morcea, Galaxia, Sparaxis, Antholyza, 
Trltonia, Ixia, etc.), Australia and Tropical America (Sisyrinckmm, Tigndia, 
Cfpura, Cyptella, etc). A great number are ornamental plants : the cultivated 
CVo6‘?is-.species are from the South of Europe and Asia ; , Gladiolus cominuris 
from S. Europe; the other species principally from S., Africa. The native 
species of Ms are I. i^seudacorus (yellow) and 1 . feetidmima, 

OrHciNAL : the stigmas of Crocus sativiis (Oriental, cultivated in France, 
Spain, Italy, and Austria), used as a colouring matter, saffron ; the rhizomes 
of the S. European Iris Jlorentina, gmllida^ and gernianica (“ Orris-root ”). 

W. B* I 
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0]‘der 9. Dioscoreacese. Perennial herbs with fleshy, often 
very large tuberous 7'hizomes (or roots) ; itoining stems ; leaves 
stalked, often arrow- or heart-shaped, lobed, pahnmerved wadi finely 
reticulate as in the Dicotyledons (Pig. 313). The flower is 
diclinous (most frequently diaicious), regular, epigynous, small, and 


of a greenish colour, but otherwise typical (Pr3-f3, and A3 + 3, 
or G3) ; in most instances 2 ovules are placed one above the 
other in each loculus. The inflorescence is a spihe or raceme, some- 
times richly branched and paniculate. — The order approaches most 
nearly to the AmaryllidacesB. 
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Tamils (Bryony) has a berry, IHoscorea (Yam) a tliin-walied, 
S-edg’ed or 3- winged capsule (Fig. 313). Both have subterranean 
or aerial tubers ; the Yam very often also developes tubers in the 
axils of the foliage-leaves ; tuberous roots are said to occur in 
D. batatas. The tubers of many species of Yanis (D. batatas from 
China and Japan, D. alata, South Sea Islands and India, D. 
Imlbifera) are a very important source of food in the Tropics, 
especially the first-named. — Testudinaria ; Bajania . — The tuberous 
stem of Tamils eomvuinis and Testitdinaria elephantlpes, and some species of 
DioBcorea is formed from one single internode (epicotyl), and the aerial shoots 
are developed from adventitious buds ; in 2\ elephantipes the stem is aerial, and 
covered with thick scales of cork, regularly arranged, and separated by grooves. 

Tropical order (167 species) ; 2 species {Tamus communis and JBorderea 

pyrenaica) in Enxope. 


Family 6 . Scitaminese. 

The flowers belong to the ordinary monocotyledonous type. 
They are hermaphrodite, ejiigynous, and have either a petaloid 
perianth, or calyx and corolla ; they are, however, mjgomor-phic 
or wisymmetrical^ and of the stamens most frequently only one 
is completely developed, the others being generally represented by 
petaloid starninodes. The ovary has 3 loculi, more rarely it is 
unilocular with the suppression of 2 loculi. Endosperm is 
absent (except Zingiheracece) ; but, on the other hand, there is a 
large perisperm. To this family belong large, glabrous, especially 
perennial herbs with rhizomes; leaves large, distinctly divided 
into sheath, stalk, and blade, the latter being more or less 
elliptical or lanceolate, entire, with pinnate venation, and always 
with a very well-pronounced midrib, gradually tapering towards 
the apex, and giving oft’ numerous branches, which run outwards, 
towards the margin, at a larger or smaller angle; these lateral 
veins are closely packed, and parallel, but with only weak, con- 
necting branches between them ; the leaves, therefore, are easily 
torn pinnately (Figs. 314, 317). The leaf-sheaths close tightly 
round each other and form a false stem. 

This very natural family comprises orders closely connected 
with each other, but is not itself nearly allied to any other family. 
First in the series stands : — 

Order 1. Musaceae* The petaloid perianth is strongly 
zygomorphic, the anterior leaf being very large (a kind of 
''iabellum ’^), the posterior one small; only the posterior stamen 
is wanting, or is rudimentary, the other fi.ve are developed, and 
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hare qiiadrilocular anthers ; ovary, 3-lociilar. Seed with straight 
embryo in mealy perisperm. 

The best-known genns is Musa, the Banana (Fig. 314). From 
the short rhizome arise enormously large, spirally-placed leaves, 
whose sheaths envelope one another, and form an apparently aerial 


Fig. 314..— 'Two K-ttsa-species. 


stem, several metres in height. The inflorescence is a terminal 
spike with floral-leaves placed spirally, and sometimes magnifi- 
cently coloured; in the axils of each of these several flowers are 
situated in two transverse rows (accessory buds) ; the lowest 
flowers in the inflorescence are $ , the central ones ^ ? the tipper 
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sapientim ) ; for the fibro%'asciuar bundles, M. textile (iVianiila Hemp).— ineir 
home is, no doubt, the Tropics of tiie Old World ; they were introduced into 
America before the arrival of Europeans. Mimi ensete has dry, leathery fruits; 
an ornamental plant. 

In Musa the barren, posterior stamen belongs to the inner whorl ; and also in 
Sirelitzia and RavenaUt ; the latter may have all 6 stamens developed. In 
Heliconia, on the contrary, it belongs to the outer whorl ; in Ileliconia the 
perianth-leaves are differently arranged, and there is only one ovule in each 
loculus. The three latter genera have dry fruits and leaves arranged in two 
rows. In the “Travellers’ Palm” {Ravenalct madagasaariends) the foliage- 
leaves form an enormous fan. — Tropical; about 50 species. 

The order may be divided as follows: — 1. MuseiB: Musa, 
Bavenala, Strelitzia in the Old World, 2, Heliconise : Ileliconia in 
the. New World. 

Order 2. Zingiberaceae. Perianth most frequently divided 
into calyx and corolla. Calyx 

gamosepalous. Only 1 fertile ^ ^ 

(the posterior, Fig. 315, 

belonging to the inner whorl) S 

with quadrilocular anther, 
which encloses the style in a 
farrow ; the 2 stamens in the 
outer whorl are staminodes, 
the median one (the anterior) 
is wanting. The 2 lateral 
staminodes of the inner whorl 
form the ‘Mabellnm” (Fig. 

315 lah), which nsnally is the 
largest segment of the flower, 
and is often bilobed. Ovules 
many. The fruit in some is 
a leathery, 3-valved capsule, 


Pi,G. 313J — Diagram of a Zingiheraoeous 
flower {K&mpferia omlifoUa): h bract; v brac- 
teole; fc calyx; p®, petals; sst, 

lateral staminodes (“wings’'); labellum 
(formed of two staminodes); st tbe fertile 
stamen; ♦ position of suppressed stamen. 
The OY&ry is in the centre of the diagram. 


'fe 'Vi!- ;> 
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with loculicidal dehiscence; in others it is more or less berry-like 
and indehiscent, or irregularly dehiscent. Straight embryo. — The 
aerial stem is seldom developed to any extent, and the inflor- 
escences, which are (compound) spikes or racemes, often with 
coloured floral-leaves, spring in some (e.g. Zingiber officinale) 
directly from the rhizome. The leaves are arranged in two rows. 
— The ovary in a few instances (Olohha and others) is unilocular, 
with 3 parietal placentge. 

They are perennial herbs with fleshy and tuberous rhizome'!, which are used 
as condiments and in medicine on account of their pungent and aromatic 
properties and also for starch, dyes, etc. Officinal : rhizomes of Zingiber 
officinale (Ginger, unknown wild, but cultivated generally in the Tropics), of 
Curcuma longa. (Turmeric, a dye, E. India) and C. zedoaria, of C. angustijolia 
and others (as E. India Arrowroot), of Alpinia officinarum, China (galangal). 

Preserved Ginger” from Alpinia galanga. Similar aromatic materials (vola- 
tile oils) are present also, for example, in the fruits ; Cardamom fruits and seeds 
(from Elettaria cardamomum^ China, seldom from E, major). 

315 species ; Tropics, preponderating in the Eastern Hemisphere, India, and 
especially S. Asia, whence all the aromatic species originate ; they are now 
commonly cultivated in the Tropics. Some are ornamental plants in green- 
houses, e.g. Hedychiuin, Costus^ etc. Glohha (with axillary buds in the in- 
florescence, as in Ficaria)^ Renealinia, Kilmpferia. 


Order 3. Cannaceae. American herbs without aromatic pro- 

perties. Flowers asymmetric (Fig. 

(§' % 316). Calyx polysepalous. The sta- 

ineus are . jpetaloid (Fig. 316 st) and 
barren with the exception of one (the 
J posterior), which bears on one of its 
■ ^ ■ edges a bilocular , anther ; another, 

which is especially large and coloured,: 
termed the labellum. The style:: is : 
. ■ compressed and leaf -like, with a. 
, small stigma at the apex. Ovules 

: ^ numerous in the 3 loculi. The cap- 

sule is furnished with warts or soft 
" prickles. EJmhryo straight. 

't'- Ganna (80 species; Trop. Am.). 

’ ‘ inflorescence is a terminal spike 

wdth 2-flowered unipared scorpioid 

?x&. 316.— Flower of Oanna: f the axils of the floral-leaves. 

iiry; calyx j pi corolla; I la- ^ . . 

iliim; st stamens ; an anther; Ornamental plants: Ganna mdica., etc. 

tigmk; aand /3 staminodes. The diagram o£ the androecium of 
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tlie Cannacea^ and Marantacem may Be represented in tlie follow 
ing manner (calyx, corolla and gynceceum being omitted) 

C\\NACE.n, Marantaceje. 


The lateral staminodes, win.ijs ; fertile stamen-, * tlie suppressed stamen ^ lab 
lalielliim; cliooil; iri inner- win u*. 

The labelUim of the Cannnceie corresponds with the hood of the Marantaccffi and not 
with the iabellum of the Ziugibersieean 

Order 4. Marantaceae. Tlie dower is asymmetrical Only 
1 or 2 of the 3 stamens in the outer wliorl are present as stami- 
nodes ; in the inner wdiorl, 2 are petaloid and of the sixth stamen 


e other half bears 
loculus. The style 
of the staminodes 
elastically forward 
‘ 1 same whorl 

* i or 2-lipped. Two of the three loculi 
{Maranfa, Thalia) become small and empty. 

with sheath, stalk, and blade 
swelling 

Cienanthet Saranthe, etc. 
The starch of the rhizomi 


one-hah is developed as a staminode and th 
a bilocular anther. One ovule only in each 
is strongly curved and at first enclosed in one 
(hood) of the inner whorl ; later on it springs 
towards the other staminode (inner-wing) of, the 
The stigma is very oblique 
of the ovary, in some ( 

Embryo curved. Leaves in two rows, 

(Fig. 317); at the base of the last is a 
{articulus) . — Phrynium, Calathm, 8trofnanthe^ 

About 150 species; tropical, especially America, 
of Mara,)iia arundinacea is omciNAn, West ludiah Arrowroot. 
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Family 7. Gynandrae. 

'ers are hermaphrodite and constructed on the ordinary 
pentacjclic type with petaloid, epigynotts, strongly zygo~ 
•ally one-stamenecl by the suppression 
The family has derived its name from 
th the style into a stylar 
many grow as 


The flow< 

3-merons, 

morpliic perianth, and gener 
of the other 5 stamens. 
the fact that the stamen is united wi 
column ” (except Burmamiiacece) . All are herbs 
epiphytes on other plants. 

This family and the Scitamine£fi occupy correspoudi 
among the Monocotyledons ; these two families may there 
together, although one cannot be derived from the other, 
oiders is very small, but the second is very rich in specie 
are best classed with the Orchidace£e and have no indepenc 

Older 1. B'urmannia.cese. This order fori 
link between the Gynandras and the epigynous 
'I ylHdacece), in having a 6-leaved perianth, and 6 
some have a labiate perianth (the median periantl 
whorl being very large). The ovary is most freq 
with three parietal placentae ; but in some it is 3-1 
placentation. Capsule. Seeds oo, small, with 
relationship to the Orchidaceae is shown especi 
imperfectly developed embryo and in the ovary, 
herbs (59 species) ; some are saprophytes. 

Order 2. Orchidacese. The enio^vnous. -nAff 



turned postcriorlj and iipwar^ds) ; the others are entirely wanting 
(indicated by * in Fig. 318 A) or present as staminodes (Fig. 
318 i, 0 - 0 -) (except Apostasiece, Cypripedilece); the filaments are united 
with the stjde to form a column (Fig. 318 B), the stylar-column^ 
(gynostemium) , and the anther (a) is thus placed on its apex and 
exactly behind or over the stigma (s). The anther is 4-locnlar ; 
the pollen-grains do not separate (except Apostasiece, Gypripedilece) 
but remain united either in tetrads or in masses, which correspond 
to a pollen-niother-cell (Fig. 320 C, JD, B); or the pollen-gTains, 
formed in each of the two ant her- halves, remain united and form, 
one or a few wax-like masses (pollen-masses, pollinia). The 3 
carpels form a imilocular ovary with 3 parietal, deeply bifid placentfB 
(except Apostadece, Selenipedilum) . Only the two lateral carpels 
are prolonged and developed into the stigma (Fig. 318 B, s), 
while the one lying in the median line, which is situated just 
within the anther (Fig. 318 A), becomes either rudimentary or 
developed into the rostellum'' (“ a small beak ”), on which the 
sticky bodies (glandidce) arise ; by aid of these the heavy, connected 
pollen-masses may be glued to the insects which visit the flower, 
and pollination is thus secured (in Apostasiece and Gypnpedilece the 
3 carpels each contribute to the formation of the stigma). The 
fruit is a capsule which most often dehisces hy 6 valves^ 3 of which 
are broader and bear the placentae, and 3 alteimating with them 
are narrower and barren (except Vamlla), The very numerous 
and exceedingly small seeds have oio endosperm, and have a some- 
what spherical embryo without any trace of external organs. The 
testa is membranous and loose. 

The Orchids are all perennial herbs with diverse habits and 
varying morphological structure (see the genera) ; the leaves are 
scattered, of the usual Liliaceous form, and the inflorescences in 
all cases are racemes or spikes (sometimes branched), with subtend- 
ing bracts, but without bracteoles. 

The forms which are the least modified are described first. 

I. Apostasie.e. The perianth-leaves are almost alike and free. 
The column is straight, with 3 equally-developed stigmas. Neu- 
wiedia has 3 perfect stamens (1 median of the outer whorl, and 
2 lateral of the inner whorl) ; Apostasia has only 2 perfect (inner 
lateral) and one barren (the median of the outer whorl), which how- 

^ According to Pfitzer, the column is the prolongation of the floral-axis ^ 
beyond the insertion of the perianth, and is not formed hy the coalesceude of 
sporophylls,'(filament and style). 
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Gypripedilnm = Cypripedinm, 


ever may be entirely wanting. The 3 posterior stamens are entirely 
suppressed. The pollen is powdery. The ovary is 3-loGular with 
axile placenta. 7 species (Tropical East India, Australia). 

2. Cyppjpedilej:.^ The flower is strongly zygomorpliic with a 
large boat-shaped labellum. There are two perfect stamens be- 
longing to the inner whorl, and the median anterior (later on the 
posterior) stamen of the outer whorl is transformed into a large, 
barren, shield-shaped body (Eig. 319). Selenipedikcm has a 3-locular 
ovaiy, but Cypnnpedilum (Ladies’-slipper) has a unilocular ovary 
with 3 parietal placentae — the typical structure for the Orchids. 


ss 

Fig. dl9,~-Ciipripedilum calceoliis: 1 front view of t|ie flower; 2 lateral view, after the 
removal of all the perianth-leaves with the exception of the labellum, which has been 
divided longitudinally ; 6 the stylar-column ; ou ovary ; s~s exterior, p interior perianth ; 

the labellum ; a the two fertile stamens ; d' the statninode ; st the stigma ; t entrance for 
the insects ; ex exit. 


The pollen-grains are separate (not in tetrads) and all the 3 lobes 
of the stig’ma are constructed to receive them. This group is there- 
fore, next to the Apostasiese, the least modified among the Orchids ; 
in all the following groups, one of the lobes of the stigma is differ- 
ently developed from the others, and there is only one stamen. — 
Terrestial Orchids.—The pollination of C. calceolus is effected by the 
forcible entrance of insects into the boat-shaped labellum (Eig. 319 p') at i, and 
their escape at ex (in 2) where the anthers are situated ; in this way the 
stigmas will first be touched and then the anthers. The pollen-grains are sur- 
rounded by a sticky mass in order that they may adhere to the insects. 


CYNANDE-B. 



Neottie-E. The majority are terrestrial Orchids with creep- 
ms sympodial rhizomes ; the blades of the leaves are not de- 
tached from the stem at joints, and have convolute vernation. 
The anthers do not drop off, but persist in the withered con- 
dition- their apex is brought in contact w'ith the rostellum (acro- 
tonoas Orchids). The pollen-grains are united in tetrads, which, 
Iwwever, often hang loosely together in pollinia, attached to a 
sticky part of the rostellnm (“adhesive di.sc”), so that they 
adhere to the insects, and are by them transferred to the stigmas. 
Sviranthes Lidera ; KeoUia. N. nhlus-<ivis (Bird’s-nest) is brown (it baa 
little chlorophyll) in colour, has no foliage-leaves, and lives mainly as a sapro- 
phyte; the rhizome is studded with uubrauched, flesby roots which may form 
buds at their extremities. — Vanilla climbs by aerial roots. The fruit 


TPir m-A Flower of Orchis maculata (front view): a stamen; i the cup ; » the 
spur; spa the entmnce to 

leaves; ;.m the lahcUum. ani the other 2 interior per:anth- eaves^ B-B O.^^^^^^ 

B lateral View of the column; Ca pollunum with ^ ^ep^eLed so that the 

discfd); n caudicies with the cap M, ^7™; ^ 

adhesive disc is seen lying inside id ; E a polhnium, more high y loculus • an 

are removed. F 0,.hrys uranXfira: rostellam and the base of the anther-loeulas , 

adhesive disc is seen on the right. 


is fle.shy and hardly opens, or does so irregnlarly.-lEpp^ 

Oe^almihera. — B'pipogon and Jjimodorwm are sapi op y es 

^ chlorophyll, , 

OpmtYDMJ], Anthers 2-locnlar, not falling o , on ^ 

I short column. The anther is united at its hahe wit e ros 
I (hasitonous Orchids, Eig. 320 A, B), while in all otiei rc ^ 

I connected at the apex (acrotonous Oi^chids). The po en „ ' 
each loculus are united into small ‘‘ masses (massu a), e 


332 


MONOCOTTLEDONES. 


wliicli corresponds to a pollen-mother-cell in the anther, and 
which hang together bj elastic threads (Fig. 320 (7, Ij). Each 
pollinium is attached at the base bj a stalk (candicle) to an 
adhesive disc, formed by the modified stigma (rostellum), and is 
easily liberated from it (Fig. 320 (7, D, F). The pollinium, which 
is formed in an anther-loculus, together with its candicle and 
adhesive disc, is termed “ pollinarium ” (Fig\ 320 G). — All 
Ophrydeas are terrestrial with tuberous roots, two of which are 
present in the flowexnng period, an older one (from the preceding 
year) containing the nourishment for the flowering-shoot of the 
year, and a young one which is intended to contain the reserve 
material for the following year. Inflorescence terminal. 

Orchis. The l^p has a spur; each of the club-like pollinia is 
attached to its own adhesive disc, the discs being enclosed in a 
common pouch formed by the rostellum (Fig. 320 0, B), Tubers 
ovate, undivided : 0. yjior/o, mascufa ; tubers palmate : 0. incarnata, maculata, 
Majalis.—OpJirys ^ no spur, the two adhesive discs are each enclosed in 
a separate pouch (Fig. 320 F’). — Amtcumptis and Serapias have one 
adhesive disc. — Hahenaria, Gymnadenia, Blatanthera, Herminuim, 
Nigritella, Ooeloglossum, etc., have naked adhesive discs (no rostellum). 

5 - EpiDENDREiE. Acrotonous Orchids with deciduous anthers (except 
Malaxis) ; 2-8 wax-like pollinia, with or without caudicles ; generally no 
adhesive discs. Malaxis (the flower is twisted through a complete circle, causing 
the iabelium to be turned upwards), Starmia and Covallorhiza ^ (Coral-root) ; 
the latter has a creeping, coral-like rhizome without roots, and is destinue of 
chlorophyll except in the ovary. The other two somewhat resemble the 
tropical Orchids in having the lower internodes of the axis of the inflorescence 
tuberous. Liparis ; Calypso. Most of the genera are tropical epiphytes and 
many have aerial, green tubers formed from one or more stem-internodes ; 
Dendrohium, Erla, Phaius, hletia, Kpidendntm, Cattleya, Lcelia, PLeurothallis, 
Restrepia, MasdeoalUa, Bulbophyllum, etc. 

6. Vande-is. These resemble the preceding but have only 2 wax-like pollinia 
in each anther, which are attached by a candicle to the adhesive disc of the 
rostellum. Nearly all are tropical epiphytes. Stanhopea, Catasetum, Maxillaria, 

< mcidfim , Vanda, Fo lystachya, etc. 

6,000 (10,000?) species. The majority live in the Tropics and occur, es- 
pecially, as epiphytes on trees or, in the crevices of rocks, to which they are 
attached by aerial roots. These aerial roots, like those of Araee^, are covered 
by several layers of spirally-thickened cells (tracheides) which contain air 
and form the velamen— an apparatus to absorb moisture from the air. The 
roots have a white appearance when the cells are filled with air, which 
changes to a greenish hue when they are filled with water, the chlorophyll 
then shining through. They generally have horizontal rhizomes; the 

^ Oorallorhiza = Coralliorrliiza. 



shoots, which hear the foliage-leaves, may vary, but they very often 
assume the form of a tuber, which persists for several years fresh 
after the leaves have fallen off (Fig. 321). Vanilla is an exception 
I. Our Orchids are all terrestrial (or marsh-plants) ; the largest 
species is found in calcareous soils. 

'lox takes place principally by means of insects, but self-pollina- 
in some. The lip serves as a landing-stage for the insect visitors, 
sucking the honey, cause the adhesive discs, with the pollinia 
them, to adhere to their bodies (generally to the probosces) and so 
L away to other iiowers. In some species parts of the flower are 
ir irritable, which has some connection with the pollination, 
Duht there are a great many biological difl'erences which are closely 
with the infinite multiplicity of forms ; Darwin (1862) has already 


shown an enormous variety, never even dreamt of beiore, m 
species. The genus Catasetum has - $ - nnd 5 -plants with 
different appearances that they have been classed in various gei 
Momcanthus). Platanthfra is pollinated by hawk-motbs; Oj 
Epipactis lat{folia^ by wasps ; Orchift, by bees, especially humble 
The msTBiBxiTioN of seeds is effected by the wind, the seei 
ceedingly small and light. Many species moreover have pecu 
flne, hygroscopic hairs in the ovary, which eject the seeds in a 
to the elaters of the Liverworts. ^ ' 

The USES are few, mostly as ornamental plants in conser 
tubers of several Orc/i/.s-species are officii^ad ; they contain 
cilage and are used as “ salep ” The fruits, of Vamlla planifi 
condiments and differ from other in ^eing rai 

in dehiscing irregularly ; the seeds are very shining and h 
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Class II. Dicotyledones. 

In this class the eatbryo has 2 seed-leaves, a rale from which 
there are few exceptions (e.g. Ficaria, Cyclamen, Finguicula 
certain species of Gorydalis, with only 1 ; and a few, mostly para’ 
sit.c forms, eg. Monotropa, Orobanehe, Pyrola, entirely withont 
cotyledons). On germination the cotyledons nearly always raise 
themselves above the ground as green, assimilating leaves and are 
then termed aerial or epigean, in contradistinction to the under- 
ground or hypogean which are always buried. The structure of 
the seed varies (endospermous or exendospermons) ; the embryo 
may be straight or curved. In many instances the primary root 
grows as a vigorous tap-root, with weaker branches arising acro- 
petally (in annuals, biennials, many perennials, especially woody 
p ants) but in a large niiniber of herbaceous perennials, which 
have rhizomes, the root behaves very much as in the Monocoty- 
ledons. The roots generally increase in thickness by means of a 
cambium. 

The stem, when seen in transverse section, has its va.scular 
bundles arranged in a ring; in reality, however, they form a 
kind of cylindrical network in the stem ; the bundles are open 
and thickening takes place by means of a cambium ; annual rino-s 
are formed in the perennial stems. There is a rich and very varied 
form of Iranolmig, The two first leaves of a shoot (fore-leaves) 
are placed nearly always to the right and to the left; the same 
m-angernent is found in the two first leaves developed on the 
flower-stalk, and these are, as a rule, the only two ; they are found 
below the calyx and are usually termed the “ bracteoles.” It has 
become customary to indicate the bracteoles by the letters a and B 
according to their sequence of growth, and in that sense these 
letters will be employed in the following diagrams. 

The AEE.ijreEMBET OF THE LEAVES varies very much ; there is 
also a great variety of shapes in the leaves and their venation, 
but the linear leaves, with parallel venation, so frequent in the 
Monocotyledons, are seldom met with, as also the large sheaths 
(thou^gh the sheath is well developed in the Umbelliferous plants); 
stipules occur much more frequently. 

The flower is most commonly cyclic, but acyclic or hemicyclio 
forms also occur. The type which may' be taken as a basis 
consists in the majority of instances, as in the Monocotyledons, of 
5 whorls, of which the 4 outer ones (calyx, corolla, and the 2 



DTCOTrLEDONES. 


whorls of stamens) are most frequently 4 or 5 in number and 
placed in regular alternation, wliilst tlie innermost one (the car- 
pels) has generally fewer members, probably on account of 
space (Figs. 360, 361, 421, 429, 487, etc.). Trimerous (Figs. 384, 
387, etc.) flowers, or those in which the members of the flower are 
in threes or a multiple of three, also occur, as well as dimerous 
flowers ; other numbers are rare. It is of the greatest importance 
ill connection witlx the relative position of the members of the 
flower to the axis and bract (orientation), whether the bracteoles 
are typically present (even though they may not be developed), or 
are typically absent. If there are 2 bracteoles present, then their 
position in a pentamerous flower is often as follows : the first sepal 
turns obliquely forward, the second is posterior and median, the 
third obliquely forward, the fourth and fifth obliquely backward ; 
quincuncial aestivation is often found in these buds (Figs. 360, 429, 
471, 475, 584). The first and third leaves, in the following chapters, 
are most frequently alluded to as the “ anterior,’’ the fourth and 
fifth as the “latei*al ” leaves. The reversed aiTangement, with the 
median sepal in the front, occurs for instance in Papilionaceoe 
(Fig. 511), LobeliacecB (Fig. 594), Bhodoracece, If any bracteoles are 
present below a tetramerous flower, the i*elation is generally that 
2 sepals (the first ones) stand in the median plane, the two next 
ones transversely (Fig. 393), and the corolla then adopts a diagonal 
position (Fig. 397) ; but a diagonal position of the calyx generally 
shows that the flower is not, strictly speaking, tetramerous, as in 
Tlantago (Fig. 567), Veronica (Fig. 559 G) and others. 

If the bracteoles are not typically present, then the position of 
the sepals is changed accordingly, and. the two outer sepals en- 
deavour to assume the position which the bracteoles Avould 
otherwise have occupied, e.g. in Primula (Fig. 547). Other 
positions are also found wdien the number of bracteoles is more or 
less than two. 

The leaves whicb follow the sepals occupy definite positions 
with regard to them, which we may consider later. An arrange- 
ment must, however, be mentioned here; when the flower is 

diplostemonous” that is, has two whorls of stamens (thus, Sn, Pn, 
An + n), these may be arranged in two ways. Either the fix’st- 
formed whorl of stamens, which are termed the “ calyx-stamens,” 
stands directly in front of the sepals (that is “ episepalous ”), 
and is the outermost whorl, and in this case a regular alternation 
takes place between sepals, petals and the two whorls of stamens, 
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wiiicli is also continued into the carpels if their number is the 
same as that of the other whorls : the carpels are then placed 
opposite the sepals (Fig. 278) and the flower is isomeroiis and Grii 
should be added to the formula above. Or, the caljx-stamens 
form the innermost whorl, and the corolla-stamens, which are sub- 
sequently formed (“ epipetalous ” stamens), stand outside these 
(Figs. 360, 429) ; if the number of carpels is the same as that of 
the preceding whorls, they are often placed right in front of the 
petals and the corolla-stamens. The first-mentioned arrangement 
is termed TJiplostemonotis, and the second Ohdiplostemonous. Both 
arrangements may be found in one and the same order, e.g, Caryophyllacejc. 
The size and relation of the members of the flowers, and also the contact with 
other members in the early stages of their development, play an important 
part in determining the arrangement. 

The great number of structural arrangements found in this 
enormously large class, may, as is the case in the Monocotyledons, 
be further varied by suppression and division of certain leaves 
(especially the stamens). Instances of this will occur in the 
following (Figs. 559, 568. — 426, 441, 445, etc.). 

The Dicotyledons were formerly divided into 3 sub-classes : 
Apetalse (those without corolla), Sympetalse or Gamopetal^ (those 
with the petals united), and Choripetal^ or Polypetal® (the petals 
not united). This division has now been abandoned because' it has 
been proved that the Apetal® were merely reduced or incomplete 
forms of the Choripetal®, and they have therefore been distributed 
among the various families of the latter sub-class. 

With regard to the Sympetal® (or Gamopetal®) it may be 
stated that they form to a very great extent a closely connected and 
natural group, having in common not only the character that the 
corolla is gamopetalous and the stamens united with it (this being 
also found in the Cboripetal®), but also a great many others (such 
as persistent calyx, cyclic flowers with the formula S5, P5, A5 and 
as a rule G2, the two carpels being united to form the ovary ; seeds 
with a thick integument and a very small nucellus). They are 
therefore considered as an independent sub-class, and must be 
placed at the close of the system of classification as the forms 
which presumably have arisen the latest. In the future systems 
of classification this arrangement will very probably be changed, 
and the first families of the Sympetal®, the Bicornes and others 
will for instance be to a certain extent united with the families or 
orders of the Choripetal®. The Sympetal® may certainly be con- 
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sidered as the youngest types, th.e strongly pronounced metamor- 
phosis supporting this theory, as also the formation of the integu- 
ment of the ovule, the one thick integument being undoubtedly 
derived from the coalescence of two — -a holochlamydeous ovule, etc. 

The Apetalm and Choripetalm are united into onesub-class. The 
leaves of the perianth in this case are, as a rule, free from; each 
other, the structure of the flowers presents many diferences, and 
the ovules, have as a rule 2 integuments and a large nucellus. Con- 
siderable uncertainty still prevails regarding the arrangement and 
the relationship of the individual families of the Ghoripetalae, and 
some of the following families are hai’dly quite natural ; but the 
best arrangement arrived at so far has been adopted here. 

At the end of the book a review of the orders of the Dicoty- 
ledons will be found, 

Sub-Class 1. Choripetalae. Petals free. 

Family 1. Saliciflorae. 

Trees and shrubs, which, in the structure of the vegetative shoot 
and the catkin-like inflorescences, resemble the Querciflorje, but 
the structure of the flower diflers so much from them, that the 
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Order, Salicacese (Willows). Trees with simple, scattered, 
stipulate leaves. Dioecious. The flowers are arranged in simple inflm- 
escences (spikes or racemes) which are termed catkins, and which 
fall off as a whole after flowering or after the ripening of the 
fruit (?) (Fig. 322). The perianth is very imperfect^ or wanting, 
particulariy in 8alix (Fig. 323 o) ; the -flower with 2-several 
stamens and without any trace of a carpel (a, 5, c) : the ? -flower has 
a free bicarpeilate ovary, unilocular^ and formed from 2 lateral car- 
pels with 2 parietal (^median) placentce and generally co ovules ; the 
style divides into two stigmas {d, e, /). The fruit is a two-valved 
capsule and the very small seeds bear a hift of hairs at the base. 
Endosperm absent . — The catkins are situated on dwarf-branches, which in 
some species often develop before the leaves and bear at their base only 
scale-leaves ; in others foliage -leaves are borne beneath the catkins. The vege- 



Fxg. 323. — Salu: male flowers of S. pentandm (a), S. aurita{lj)y S. rubra (c); female 
flowers of S. aurif a (d), S. nigricans (e), S. mollissima (f). 

tative bud commences with 2 hud-scales which are united on the anterior side 
into a scale. The capsule opens by the dorsal suture. The seed-hairs spring 
from the funicle. 

Salix (Willow) has short-stalked, most frequently lanceolate 
leaves and erect catkins with undivided bracts (Fig. 322). The 
flowers are naked ; 1 (o in a-/) or 2 yellowish glands situated in 
the median line. In the -flower generally two stamenKS, situated 
laterally like the carpels in the ? -flower. Various forms are seen in 
Fig. 323.— The terminal bud of the branches often aborts regularly, the upper- 
most lateral bud taking its place. 

Foptdus (Aspen, Poplar) has long-stalked, more or less round or 
cordate leaves with drawn-out apex ; catkin pendulous ; iobed 

^ This is Eichler’s view. — ^According to Drude the perianth is absent ; at the 
base of the bracts, a nectary or cup-like disc. • Pranti holds the same view. 
According to Pax the perianth is absent, but there is a disc cup -like, or reduced 
to a single toothed scale. . / 
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! bracts ; perianth cup-like with oblique edge ; stamens usually 

numerous ; stigmas often divided. — P. tremula (Aspen) has received its 
name from the tremor of the leaves : cf. “ to shake like an aspen leaf.” 

, Pollination. The Poplars are wind-pollinated. The Willows have sticky 

pollen and are pollinated by insects. The catkins of the Willows, especially the 
d' s are more conspicuous, from the numerous, closely-packed, yellow dowers, 
rich in honey and pollen. The catkins often appear before the foliage and so are 
much more easily seen, whilst at this time of the year the number of competing 
honey-flowers is smaller, and the insect visits consequently more numerous. 
On many catkins of the Willow the flowers open earliest on the side which is 
turned towards the sun and in descending order, he. the upper flowers develop 
before the lower ones. Hybrids frequently appear. 

There are about 180 species existing in the northern, cold and temperate 
latitudes. Some in the Polar regions are scarcely more than an inch in height, 

^ and have a creeping rhizome {Salix herbacea^ polaris, reticulata). Fossil forms 

are found in the Tertiary and perhaps also in the Upper Cretaceous. 

Uses. Principally for ornamental trees, as they grow very quickly and are 
easily propagated by cuttings, S. hahylouica^ Weeping Willow; S. purj^irea ; 
Po 2 )ulus alha^ Silver Poplar ; P. pyramidalis, Pyramid Poplar — a form of 
P. nigra ; P. imnilifera^ Canadian Poplar. The wood is very poor and little 
used ; the branches of many Willows are cultivated for basket-making, etc. The 
wood of the Aspen is used for matches. The bark contains tannin and, in many 
Willows, a very bitter extract, Salic in {S. pentandra^ fragilis). Salicylic acid 
(officinal) is obtained from Salix. Balsam is extracted from the buds of many 
Poplars, especially when the leaves are shooting. 

Family 2. Casuariniflorse. 

Tree.s with verticillate, scale-like leaves forming sheaths at 
the nodes. Monoecious. Flowers unisexual, (^-dowers in cat- 
kins ; $ in short spikes. Folle?i-tuhe entering the ovule at the 
: clmlaza, and not through the micropyle. Ovaiy 1-seeded, 

I unilocular. Carpels uniting into a multiple fruit. Only one 

I order. 

^ Order. Casuarinaceae, Trees (30 species), from Australia 

j and certain parts of S.B, Asia, with peculiar, equisetum-like 

’ appearance. The leaves are verticillate, scale-like and united into 

f sheaths. The internodes are furrowed. Branching verticillate. 

' The unisexual flowers are situated in catkins or short spikes. The 

; (J ^ central stamen, surrounded by 2 median, scale- 

! like perianth-leaves and 2 lateral bracteoles. The ? -flowet* has a 

i! 1-chambered ovary (2 ascending, orthotropous ovules), no perianth, 

f but 2 lai‘ge, lateral bracteoles which finally become woody and 

f form two valves, between which the nut-like fruit is situated. 

i The multiple-fruits therefore resemble small cones, — Gasuarina 
equisetifoUa, cultivated, gives “ iron-wood.” 
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[The Casuarinas differ from the ordinary Dicotyledons in many important 
respects which may be briefly summarised thus : — The bicarpellate ? -flower has 
a well-pronounced stylar-cylinder terminated by two stigmas, but the cavity of the 
ovary closes very soon after its formation, and in it are developed two parietal 
ovules ; these are united by a bridge of cellulose to the styiar-cylinder or summit 
of the ovary, and hence the ovules are connected with the walls of the ovary by 
the bridge (above), as well as by the funicle (below). The archespore is developed 
from the hypodermal cells at the summit of the nucellus, two primordial 
mother-cells are first formed and from these by tangential divisions a central 
cylindrical mass of cells (sporogenous-tissue) is produced which is surrounded 
by tapetal cells. The cells of the sporogenous tissue correspond to the mother- 
cells of the embryo -sac of other Angiosperms ; they divide transversely and 
from 16-20 macrospores are formed together with inactive cells which are not 
crushed together as in the case of other Phanerogams. The sexual apparatus 
is developed from a single cell, but the number of cells composing this appar- 
atus is subject to variation, the oosphere being accompanied by one or two 
neighbouring cells which resemble canal-cells rather than synergidse. The 
sexual apparatus is found in the majority of the macrospores, but in most of 
these it remains as a number of naked cells ; while in the fertile macrospores 
the cells are invested by walls of cellulose (usually only one fertile macrospore is 
found in each ovule). Antipodal cells are never developed.. The macrospores 
elongate considerably towards the chalaza, into which some penetrate. The 
pollen-tube traverses the stylar cylinder and enters the ovules at the chalaza, 
its passage through the the tissue of the nucellus being assisted by the pro- 
longation of the macrospores. About the centre of the nucellus the pollen- 
tube is ruptured ; the apical portion which alone takes part in the fertilisation 
being firmly attached to the macrospore. Although the actual impregnation 
has not been observed, Treub considers that the endosperm begins to be 
formed before fertilisation.] 

Family 3. Querciflorse. 

Trees and shrubs with small, unisexual, monmcious flowers, 
having no perianth or a simple inconspicuous one. The and ? 
flowers are very different and generally placed in separate inflor- 
escences. The -flowers are most often adnate to the bracts. The 
stamens are placed opposite the perianth-leaves^ -when they are pre- 
sent in equal numbers. The $ -flower is naked, or has a superior 
perianth. The ovary at the base is 2 or 3-(-6) locnlar with 1 or 
2 pendulous ovules in each loculus, only one of which is developed ; 
the fruit is a one-seeded nut ; endosperm absent ; embryo straight. 
The inflorescences, which are either compound and mixed (small 
dichasia in spikes) or simple, are here also termed catkins; but, 
strictly speaking, this term is applied to the (^-inflorescences only. 
In all Querciflor^ the leaves are scattered (usually in 2 rows) 
simple^ KTidi penninerved^ with deciduous stipules. 
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It is worthy of remark that iu Betulcicee, Conjlaeece and Quereus the ovules, 
and to some extent the loculi of the ovary are not developed till after pollin- 
ation, so that the development of the pollen-tube proceeds very slowly. The 
mallness of the flowers, the absence of honey, the dryness and lightness of the 
^ollen the size of the stigma and the abundance of hairs found on many 
firi<nna's are all adaptations for wind-pollination. It is also an advantage that 
the flowers are generally pollinated before the foliage-leaves are developed, thus 
preventing the pollen being entangled hy the leaves. 

The two orders Betulacecs and Corylacea mentioned here are by other authors 
;nto one order. Ht is doubtful whether these two should be retained m 
the family Qaerciflorin, as recent researches (p. 273) have shown that they 
differ from the Cupnliferie in many important points, and agree with t e 
Casuarinas in the fact that the poUen-tube enters the ovule through the 



Order 1. Betulacese (Birches). Moncecious, with thick, 
cylindrical, cor^ifouni S and $ inflorescences (2- or 3-flowered 
dichasia in a spike with, 
spirally- placed floral- 

leaves) (Figs. -324, 326, 

828). When tlie perianth, 
in the (J -flower is com- 
p,letely developed, it is 
composed of 4 somewhat 
united leaves, which are 
placed opposite the 4 
stamens (Figs. 825, 826 A ) . 

The female flowers are 
nahed ; the ovary is bi- 
locular, with two stylos 
and one 'pendulous ovule iti 

tendingfloral-leaves unite with the bracteoles 
cover-s"ale, which is not attached to the 

Fruit a nut without cupule (see Om-ylacece &n J ^ ,.5^^ 

... ... .. .... 

cotyledons are raised above tne grouuu. 

Alder trees ; the Birch has sympodial branoties. „„pcies the 

(Aid.) 

^-and ? -cathins are both develop j leaves 

n - A 4-1.^ winter naked and bloom before the iea\ts 

flowering, and pass the ^ s.iohed cover- 

mdesoltke S <«tkm J ~,„bles » mill (•'■g- 

SO that the entire catkui when p ^ 


d%i.—Alnus gliitino8U.s, Braneii of Alder with 
<j-(n)*aBd ?-(m) catkins: 7c bud; h fruu-bearm^? 
catkin (“ cone*”) 
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Wliiie the ? -flowor exactly resembles that of the Aider, the redaction of the 
^ -flower, already described in the Alder, is carried further, so that often only 
the 2 median perianth-leaves are developed (Fig. 328 .1) ; there are also onhf 
2 stamens, these being deeply cleft, while the other 2 are suppressed 

About 50 species; N. Temp. — Fossil-forms certainly occur in the Oligoceiie. 
During the Glacial period the Dwarf -birch (D. nana) extended over Europe ; at 
the present time it is confined to the moors and mountains of N. Europe and 
N. America and Asia. Wind-pollinated. 

Uses.— Important forest trees. The bark contains tannic acid. The tar of the 
Birch is used in the preparation of Eussia leather ; whilst its spring sap is very 
saccharine, and is used in some places for making a fermented drink. Its ex- 
ternal bark is used for roofing, for baskets, etc. 


Fig. 328, — Diafrrams of dicbasia m 
fclie<3-(.4)aiid 9-(B) catkins of Birch. 


Fig, 327 . — Betula verrucosa : a cone-scale 
h fruit. 
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small ? -catkins are enclosed in buds, in which they pass the 
winter ; these buds are situated in the axils of the fallen foliage- 
leaves, and it is only by their larger size that they may be dis- 
tinguished from the ordinary foliage-buds. In spring the $ -catkins 
are easily recognised by their red, projecting stigmas (Fig. 329 ^). 
The cupule — the “husk’' — is tubular, fringed, and envelopes the nut. 
The leaves are alternate and unsymmetrical, the external side being larger 
than the internal ; this is connected with the vernation, the blade being con- 


Fig. d20.—OorylusmeUana: A branch at the time of flowerin" with cJ-and $ -catkins; 
B s -flower with siibtending-leaf (bract) and two bracteoles ; C the same without the 
anthers; D view of interior of ^-dichasium shortly after fertilisation; E young fruit 
with cupule; F similar one with the cupule opened; G mature ? -fruits ; H nut, 

duplicate in the bud ; the stipules are deciduous. The bud-scales are formed 
of stipules, the most internal having a leaf-blade attached to them which is 
suppressed in the external ones. The cotyledons- remain xtnderground on germi- 
nation, 

C(irpinus {G, hetulm, JloTnheB,m), The (J-aud ? -catkins do not 
appear till the leaves are shooting. The 2 -catkin in this 
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instance is also long and cylindrical. The cnpnle in G. hetnhcs is 
3-lobed, and to a sliglit extent only embraces the base of tlie 
ribbed nnt (Fig. 331) ; each lobe coiTesponds to a floral-leaf. 
^Yhilst the carpels are placed medianly ia Corylus, in Carjnnm, on the other 
hand, they are situated transversely, as in the case of the Betulacece, The 
lamina of the leaf is not conduplicate in the bud, but flat, and folded only along 
the lateral veins, which are also indicated in the form of the fully-developed leaf ; 
otherwise the vegetative characters are essentially the same as in the Hazel. 
The cotyledons are aerial.— 0.strya resembles the Hornbeam, but the cupule 
completely envelopes the nut, as a sac open at the apex (Eur., N. Am., Japan). 

N. Am,, Asia, and Europe ; 25 species.— Eossil forms in the Oligocene. Wind- 
pollinated. Uses. As timber {Carpiniis hetidiis) and firewood. The fruits of 
C, avellana (ordinary Hazel-nut), G, tubiilosa (Lambert’s nut) and 6'. colurna 
(Turkish Eilbert) are edible. 



Fig. 330.— Diagrams of the <$ -flower (A) of Corylus Fig. 331.— Nat of the Hornbeam 

and the dichasium. of the ? -flowers (J5). with cupule. 

Order 3. Cupuliferse. Monoecious. The inflorescences make 
their appearance with the leaves, arising in the axils of the leaves 
of the same year. A woody citptde furnished externally with scales 
or spines is common^ and surrounds 1-several flowers (the cupule 
in the Oorylacese never encloses more than a single flower or fzmit). 
The -flower has a united perianth, which is, however, 4-6 partite, 
and encloses an indefinite number of undivided stamens. The $ - 
flower has a superior, ^-merous perianth (3-1-3, compare Figs. 
332 D, 334) ; the gynoeceum is formed of 3 (or in Oastanea 4-6) 
carpels with a corresponding number of stigmas (Figs. 332 D, 
H; 334, 335) ; and the ovary has at the base 3 (-6) loculi (Fig*. 
333), each of which has 2 pendulous anatropous ovules ; the fruit 
is a one-seeded nnt (Figs. 332 H, 336). 

The cupule of the Cupuliferse, according to the opinion of 
Eichler, is formed by united bracteoles (compare Fig. 333, where 
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the foor valves in the cnpule of Castanea are considered as 
bi-acteoles of the lateral flowers of the dichasiiim) ; according to 
another view (see Prantl, in Engler’s Bot. Jahrl.^ viii., 1889), it is 
a ring-like axial outgrowth independent of the bracteoles of the 
flower, whose scales and spines are floral-leaves. The cnpule in 
the Oak only encloses the base of the fruit, but in the Eating- 
chestnut and Beech the fruit is completely enclosed, and con- 



Fig. 333. Castanea, vesca : A branch with inflorescences; JB cJ -flower; C young cupule 
with thi’ee $ -flowers; D $ -flower; JS the same in longitudinal section; F cupule with 
3 nuts (diminished); 0, Hnuts {G in longitudinal section to show embryo). 

sequently the cupule must divide into a numbei' of valves (gener- 
ally 4) to allow the fruit to Ovscape. In the 3-flow'ered dichasia 
of Basania, Sect. Eupasania (Trop. Ind.), each individual flo^ver 
has its own cupule of the same structure and development as in 
Quercus,^ and, moreover, each group of flowers has externally the 
typical six bracteoles. 

Castanea (Eating-chestnut, Fig. 332). The catkins are erect 
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(A), cylindrical, with the $ at the base and the S at the top, or 
some are entirely cj and composed of small dichasia. The cupule 
(G, F) is 4i^valved, proyided w.ith spines, and entirely enrelops the 
3 nuts ; it is already developed at the time of flowering.— -flowers 
are most frequently borne in 7-flowered dichasia, and have a well developed 
perianth, most frequently consisting of 6 leaves in two whorls (Fig. ^132 B), and 
a large number of stamens. ? -flowers are most frequently borne in 3-fiowered 
dichasia (Figs. 332 C, 333) ; the letters in Fig. 333 indicate the older theory, 
according to which the 4 bracteoles (a of the two lateral flowers are thick 
and united into a single 4-valved, woody cupule^ which surrounds the 3 nuts, 
and is furnished externally with spines ; the spines are well developed hair’ 
structures. — 6 carpels in two whorls. — The leaves in the vertical shoots have 
a divergence of §, |, ; on the horizontal shoots they are alternate. The 

cotyledons remain underground on germination. 

Fagus The -catkins are pendulous, capitate; tlie 

flowers have an obliquely bell -shaped, fringed perianth, -with 6-20 



Fig. 333.— -Diagram of the cupule of Castanea, Fig. 334), -Female flower of Fagii& (mag.) 

stamens. ? -catkins erect, 2-flowered, borne singly in the axil of 
foliage-leaves of the same year; the ? -flower has a gynoeceum 
formed of 3 carpels, bearing an epigynous, 6-leaved perianth (Fig. 
334). In this genus the dichasium has only 2floivers, the central 
one being suppressed. TAe cupule contains, therefore, only 2 tri- 
angular nuts (‘* mast ”). All the shoots have the leaves arranged in two 
rows; the rows are on the underside, being only about 90'" distant from each 
other ; the buds on the other hand approach each other towards the upper side. 
The bud-scales are stipules without lamin® ; in vernation the laminas are folded 
along the lateral ribs, the upper lateral portion being the largest {as in Horn- 
beam and Chestnut), The cotyledons are folded, and at germination are 
aerial, large, and reniform. 4 species (Europe, Japan, N. Am.) — Nothojayus 
(S. Am., New Zealand, S. Austr.) 

Quercus (Oak, Fig. 335). Catkins simple. J -catkins kmg, 
thin, pendzdous, few-flowered, $ -catkins erect ; the cupule is cup- 
like, ezitire, and encloses only the base of the solitary nut (“ acorn ”). 
— The d' 'flower has a similar construction to that of the Chestnut. The 
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$ -catkin lias not mors than 5 flowers (single-flowered dicliasia, in which o?il?/ 
the central Jloioer is developed). The scales on the cupules are no doubt leaf- 
structures in this case also. According to another theory, the scales -are hair- 
structures ; they arise on the internal face of the young cupule apparently in 
descending, but really in ascending order. The rim of the cupule gradually 
expands. In the ? -flower (Fig. 335) the loculi of the gynoeceum, together with 
the ovules, are not developed until after pollination. — The leaves in all cases 
have a divergence of f ; the lowermost leaves on the shoots are reduced to 
stipules which serve as -the bud-scales (5 rows). The laminse are conduplicate, 
as in Corylm, and the external side is the broadest. The cotyledons are fleshy 
and remain underground. 200 species. — Pasania (100 species), 

368 species, in temperate climates, especially in Europe and N. America. 
Authenticated forests have been found in the Oligocene. The Beech has one 
species, Fagns sylvatica, in Europe ; it is a most important forest tree (in 
Denmark the most important) and reaches its most northern limit near Alve- 
sund in Norway (60° N.L.), its northern boundary line passing from Alvesund 
in a zig-zag line through Ludwigsort, south of Konigsberg, in Prussia, to- 
wards the Crimea. According to Steenstrup and Vaupell, the Beech did not 


make its appearance in Denmark until a comparatively recent time, the Oak 
then being partially supplanted. Other species of Beech are found in N. 
America and Japan. Several species of Nothofagus occur in the South West 
of S. America, and in the colder regions of the southern hemisphere. The 
Oaks grow especially in temperate regions, e.g. in Western Asia, N. America, 
and the mountains of Mexico, Evergreen species are found in Tropical Asia, 
Himalaya, Japan and the Mediterranean region. In this country there is one 
species of Oak (Q. robur), of which there are three varieties (Q. pedu?iculata, 
intermedia^ sessili flora). The Eating-chestnut is found in the South of Europe, 
but is cultivated in the midland and southern counties of England.—UsES. 
The wood of these trees is very useful as timber. The wood of Q. tinctoria 
has a yellow colouring matter (Quercitron- wood). The bark of the Oak contains 
a large q,uantity of tannic acid, and is used for tanning; for this purpose 
also the cupules of Q. vallonea, (jegilops, grceca^ and others from the Eastern 
Mediterranean, are used under the name of “ Valloons.” The Cork-oak 
(Q. saber ; S.W. Europe) is the most important tree from which cork is obtained, 


PiO. 333. — Qitercws ; A 9 -flower in its cupule 
(mag.) ; B longitudinal section through 
showing cupule, perianth, and inferior ovary. 


Fie. 336.-- Fruit of Querciis. 
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its bark being very largely developed and stripped for cork. G-all-niits are found 
on many species ; those of Q, lusitanica, var. infectoria (Eastern Mediterranean) 
are officinal, and likewise the fruits (acorns) and the bark of Querciis pediineu- 
lata and sessilijiora. Oil is obtained from the Beech mast.” The nuts of the 
Chestnut tree are edible. 

Family 4. Juglandiflorse. 

This family resembles the Querciflorse in the catkiivlike inflores- 
cences, the imperfect, unisexual flowers, the epigynoiis perianth 
and the w^oody shoots with scattered leaves, etc., though it is in 
other respects very dissimilar ; one point of difference is the presence 
of aromatic compounds, but a more imporant divergence is found 
in the structure of the gynceceura, which is formed of two carpels 
with one loculus and has one hasal^ orthotropous and erect ovule, 



Fig-. 337. —Juglans regia: A cj -flower seen from below with bhicfc (cover-scale) (?*), 
bractedles (a and ^), perianth-leaves (p) ; B the same from the front j C lateral view of the 
same; I) diagram of ^ ; E $ -flower with bract, the bracteoles are united with the ovary, 
their edge being visible as an indented line below the perianth ; F 2 ? -flowers at the end of 
a foliage-shoot ; G fruit (without the fleshy coverhig) in longitudinal section ; H trans- 
verse section of the same. 

which, as in the Querciflorae, does not become developed until 
after pollination ; the fruit too is very different, being generally a 
drupe. Bndosperm absent. 

Order 1. Juglandaceae (Walnuts)* heB^veB scattered, impart- 
pinnate, rich in aromatic compounds. Stipules absent. Flowers uni- 
sexual. Momjecious, The (J -catkins are lateral, generally on naked 
branches of the previous yeai*, cylindrical, pendulous, many-fio-wered; 
the two bracteoles and the 2'-4-leaved perianth of the S *hower unite 
with the subtending bract; the (J -flower has indefinite stamens 
(6-20 in Juglans, Fig. 337 A-B) . The ? -catkins are terminal, gene- 
rally on branches of the same year, few-flowered (Fig. 337 F) ; the 
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FrG. 3S8.—Myrica gale : a young fruit ; x the bracteoles with numerous glands ; h longi- 
tudinal section of fruit. 


Order 2. Myricaceae. To this order belong shrubs or trees 
which have penninerved, simple, at most lobed or pirmatihd leaves, 
with or without stipules, and with yellow, aromatic, resin glands 
(Fig. 338 a). The flowers, situated in catkiu-like spikes, are 
unisexual and naked, and supported by scale-like floral-leaves. 

-flower: 4-6 (-16) stamens with short filaments; ? : generally 
situated singly. The gyncBcenm has a short style with 2 long 
stigmas, and unites with the bracteoles, which form wing-like 
outgrowths on the ripe drupe as in Fterocarya in the Juglandaceas 
(Fig. 338). Cotyledons fleshy (Fig. 338 h). — Myrica; Comptonia. 


1 The fruit of the Walnut is thus a false fruit ; and the term drupe must 
therefore not be used in the same sense as in the Bosaceae. 


$ -flowers have a superior, 4-leaved perianth, a bicarpellate gynce- 
ceum, two stjdes wdth stigmas on the internal surface. The ovary, 
bracteoles and bract all unite together (Fig. 337 B), The fruit is 
^■enerally a green or black drupe, ^ whose flesh (outer soft portion) in 
Garya and Juglans ruptures more or less irregularly, and frees the 
stone (‘‘Walnut^’). — The stone in Juglans is divided internally by one true 
(Fig. 337 //) and by several false, low partition walls into seveml incomplete com- 
partments, so that the two large cotyledons become lohed and incised to fit like 
a cast into the irregularities of the inner surface of the stone ; the embryo is 
exencloppermous and covered with a thin testa. — The leaf scars are large and 
cordate with 3 groups of vascular bundles. The pith in Juglans and Fterocarya 
is divided into chambers. The stone ruptures, on germination, along the 
dorsal suture into 2 valves; the cotyledons remain underground. In Juglans 
regia a long row of accessory buds is found on the lowest internode (epicotyl) 
above the axils of the cotyledons. Pollination by the wind. Both protogynous 
and protandrous examples of Juglans regia occur. — 33 species, mostly in tem- 
perate North America. — Uses. Walnuts are obtained from J. tdgra and regia ; 
Hickory from North American species of Garya. The oil-containing seeds of 
several species are edible. Fterocarya and others are cultivated as ornamental 
plants. 
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40 species; Temperate. — ISJyrica gale (Sweet-gale, Bog-mjrtle) lias been used 
in the preparation of beer (Sweet-willow beer) on account of its resinous essential 
oil. J/. cerifera (N. America) and species from the Cape, M, querdfolia and 
others, form wax on the fruit which is used in the preparati m of candies. 

Family 5. Urticiflorae. 

The flowers are regular, liy'pogynous^ nearly always unisexual, 
small and insignificant, with single^ green perianth of 4-5 leaves. 
Stamens 4-5, placed opposite the leaves of the perianth. Ovary 
formed of 1 or 2 carpels, most frequently unilocular, with one 
ovule (Fig. 340). The fruit ism nut, more rarely a drupe, with one 
seed, generally endospermous^ The Kettles are the sole order in the 
family which has only one carpel (1 stigma) ; this turns the posterior side to 
the front (Fig. 340). The others have two carpels (2 stigmas) but the anterior 
only is fertile (Fig. 346) except in a few Ulmaceoe and Moraceie. 

The majority are trees or shrubs with petiolated leaves, sHpni- 
late ; roiigli hairs are very frequently developed upon the leaves. 
The flowers are very often crowded together in the inflorescence, 
which is rarely catkin-like.. Peculiar aggregations of fruits are 
found in some orders. Latex and tough hast, which is used techni- 
cally, ai'e also frequently found. Oystoliths are found in the 
epidermis of many species of Ficus, Urtica, and others. Wind^ or 
stelf-poIUnation is most common, as in the Querciflor* and Juglandiflorfe. In 
the Urticacese, 3Ioru$ and some others, the stamens lie incurved in the bud, 
and when ripe straighten themselves suddenly and elastically, and thus small 
clouds of pollen-grains are ejected with considerable violence on to the stigmas, 
which are often provided with brush- like hairs (Fig. 341). The formation of 
honey does not take place. 

Order 1. Uimaceae (Elms). — Trees or shrubs without latex. 
Leaves simple, arranged in two rows (divergence |), oblique (the 
inner side, nearer the axis, being the larger), strongly peuni- 
nerved, dentate, hispid ; stipules deciduous. In opposition to the 
other JKettle-like plants the flowers are often J with a united 
cup- or saucer-like, generally 4-(5)-6-dmded perianth, and a 
corresponding or larger number of opposite erect stamens. The 
gynoeceum has two carpels (2 stigmas), generally one loculus with 
one pendulous, anatropous or amphiti’opous ovule, ^ seldom two 
loculi and 2 ovules. Fruit one-seeded (nut or drupe). Embryo 
without endosperm. 

A, TJlmrjs. The fruit is a wmged nut (Fig. 339), the embryo 
straight, without endosperm. Anthers extrorse.—TOuw^ (Elm). 

1 The pollen-tube in Vlmus does not enter the ovule through the micropyle. 
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The flowers are situated iu indorescences which develop from 
the lower buds of the shoot of the preceding year. The lowermost 
bud-scales are empty, the uppermost support either solitary flowers, or small, 
dicbasial or unipared seorpioid inflorescences. The terminal bud on the vege- 
tative shoot quickly falls off, and the 
upper lateral bud continues the growth 
sympodially. Flowering takes place 
before the leaf-buds open. The flowers 
are wind-pollinated and have no honey. 
Fossil species have been found , in the 
Oligocene. 

20 species ; North Temp. (2 species 
in this country). Important as timber. 
The Cork-elm {U. suberosa) has a rather 
thick cork, which, however, is of no 
technical use. The bast is used as 
Lime-bast. 

B. Celtidb^. The fruit is a drupe, 
the embryo curved, with folded or rolled 
up cotyledons, with or without endo- 
sperm. The anthers are introrse. The 
flowers are borne on a shoot of the 
same year. Flanera (N. America) ; 
Zelkova . — About 114 species; especially 
N. Temp., Trop. 

Order 2, Urticacese 
(Nettles).— The majority of spe- 
cies are herbs with simple, stipu- 
late leaves ; they have no latex ; 
stinging hairs abundant. The flowers (Fig. 340) are unisexual^ gene- 
rally 2-merous and arranged in clusters, which are united into 
catkin-like inflorescences. The perianth is composed very often of 
4 (2-1-2) free, or in the ? -flowers generally united, green leaves ; 
the 4 (2 -f 2) stamens are opposite the perianth-leaves, the filaments 
are hent inwards in the bud and throw themselves elastically 
towards the outside. The gynoeceum has one style and one stigma 
(capitate or brush-like, Fig. 341) ; the ovary is unilocular, with one 
orthotropous, erect ovule (all other orders of this family have inverted 
or curved ovules). Fruit, a nut or drupe. JSndosperm preseM 
(in very little), oily. Embryo straight. The stinging haihs 

are club-shaped, very turgid, and provided with a siliceous, brittle apex, 
which breaks off in an oblique direction and allows the poisonous cell-sap to 
be forced out. In many tropical Nettles this is so strong that it may produce 
partial paralysis. There is no rudiment of an ovary in the ^ -flowers (Fig. 340 
A), The BEBiANTH in the $ -flower differs from that of the S in having the two 



Fig. 339. — A TJlmus campesiris, flower 
with exceptionally aborted gynoeceum; 
jB, U. effma, flower with 8 stamens ; C, XI. 
campefitris, fruit opened in front to show 
the seed pendulous from the apex of the 
loculus ; one loculus is aborted. 
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internal leaves generally mucli larger and enveloping the fruit (340 B] ; it 
often happens that all the perianth-leaves are united to form a gainophylious 
envelope. ^ -flowers may occur among the others,— The inflobesce.n'ces among 
our native species are dichasia, which become transformed into unilateral 
scorpioid cymes by the development of the bud of the 2ttd bracteoie. In 
Parietarta they are more pressed together, and the floral-leaves at the same 
time are also raised on their axillary shoots to just beneath the flower. As a 
rule, not only in this order but also in those related to it, a small vegetative 
branch is situated in the axil of the foliage-leaf, and this bears an inflorescence 
on each side at its base. 

Urtica (ilsfettie) has opposite leaves with, distinct stipules and 
stinging hairs. The peiflanth-leaves of the $ -flower are free 
(Fig. 340 ). — Parietaria (Pellitorj) has scattered leaves wdthoiit 
large stipules, and stinging hairs are absent. The ? -perianth is 
4“toothed, flask- or bell- shaped,-— is a tropical genus with trimer- 
ous, zygomorphic ? -flowers, the posterior perianth-leaf being much larger than 


Fig. 3i0.— Diagrain of <J* and §- 
flowers of Urtica dioica. 


Fig. Sil*— Parietaria diffusa; hermaphrodite 
flower: a in the female, h at the commence- 
ment of the male stage j the stigma has fallen 
off, hut the anthers have not yet dehisced. 


the two others, and more or less hood shaped.— The flower of Forskohlea is the 
most reduced ; the ^ -flower has only one stamen, and the $ - as well as the d - 
flowers have a one-sided, tongue like perianth (?). Pouzolna. 

Wind -Pollinated. The pollen is shot out of the anthers, when they spriog 
forward, and is caught by long stigmatic hairs. Parietaria diffusa is protogy- 
nous (Fig. 341). 

500 species ; chiefly in the Tropics, although the few species which occur 
in Europe are represented by a much larger number of individuals. — Usks. 
The bast of the native species Urtica dioica and nrem, of U, cammhina 
(Siberia), etc.; of Boelimeria nicea “Eamie” and “ China-grass” (from Sunda 
Is., China), and others, is used in the manufacture of muslin. 

Order 3. Moracese, (Mulberries). ITearly all trees or 
shrubs, seldom herbs, generally with latex. The leaves are scat- 
tered, and not infrequently lobed. The flowers are urmexxtal 
(monoecious or dioecious) and arranged in catkin- or capitulum-like, 
compound inflorescences. Perianth-leaves 2-6, generally 4, with an 
equal number of stamens opposite to them, as in the Nettles. The 

W. B. A A 



Fig. SM.—Moi'us nigra 
fruits. 


Fig. 313.— Menus alia 
? inflorescence. 


Fig. 313.— Monts 
(j flower (Qjl)- 

fraits is formed, which we call a Mulberry (Fig. 344). The leaves 
are folded in the buds, and have small stipules. The foUowing are 
allied to Morus ; — Maelara, Broiissonetia (the Paper-mulberry tree) which has 
spberoid $ inflorescences (made np of diehasia), etc. 

JOorstema presents an interesting transitional form to the Fig in its flat, 
open, and, in some instances, lobed inflorescence on whicli the S and ? 
flowers are sunk in grooves. Indications of a somewhat similar structure are 
found in certain Nettles, the sympodial axes of the diehasia becoming flatly 
Gynanded. The fruits are 1-seeded, but, nevertheless, spring open and eject 
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sbapeclj ilesliy,biit hollow axis, on theinteinor surface of which the 
flowers are situated (Fig*. 345). It is a kind of capitiilum, with 
a hollow receptacle, whose ‘‘ involucral ” leaves close over the 
entrance to the interior ; it is not, however, a simple capitulum, 
but a coalescence of cjmose inflorescences, The edible parts are 
the fleshy stem-portion and perianth-leaves. The -flower 
has a 2-6 divided perianth, 1-2 (-6) stamens ; the ? -flower 
has an oblique ovary. The fruits are drupes, with thin flesh. 
— Many species have aerial roots, and some live as epiphytes on trees. 
Pollination, in- the edible Fig, is ejected by a small Gall-wasp {Cyiiips 
p$ene$ L.), which lays its eggs in the Fig, and hence carries the pollen away. 
Even in very ancient times it was 

customary to hang infected wild Figs ' '^Tr ii 

on the branches of cultivated ones, so 
that the young Gall-wasps, as they 

emerged, could immediately effect Mj/ . '•? ^ 

the pollination (caprification). Ficm m - % 

cariea, and other species, have two hinds ml-\ <; S 

of ? -flowers, besides the ^-flowers. p V I ^ ^ 

One kind has a short style and no stig- M ' 'W 

matic hairs, and it is only in the ovaries ^ 

of these that the wasps lay their eggs 

(gall-flowers) ; the other kind has a long W 

style and well-developed stigmatie-hairs, s'; 

but the wasps cannot reach their ovaries ' 

— these are “seed -flowers.” There are, 
moreover, two kinds of plants of Ficiis % 

carica ; ^ -plants, which have only seed- v| 

flowers, and hear the edible Figs, and ^ M 

(? -plants (called “ Caprificus ”), which 1 W 

bear inedible fruits, and have S' -flowers * | 

at the upper part of the Fig, but gall- 

flowers at the base. [The Caprifieua. at in longitudinal section. 

Naples, bears three crops of inedible Figs each year, viz. Blamvie (April), Pro- 
field (June), Manimord (August). The S -flowers are produced especially in June, 
the flrst Figs being almost entirely $ , and the last having but few S -flowers. 
Each crop produces a new generation of Fig-wasps. The female wasp enters 
the Figs on the Caprificiis, and lays one egg in each flower, with the result that 
the flower developes into a kind of gall. The mother-wasp dies within the Fig. 
The male wasp is wingless ; it bites a small passage into the ovaries containing 
the female wasps, and impregnates them ; the female wasps then escape from 
the Fig, those in the Frofichi carrying pollen away with them as they pass out. 
They then enter another Fig, lay their eggs, and die. The edible Fig-tree 
similarly has three crops in the year, Fion di ficOt Pedaynaoll, Cmanwli, 
The wasps, entering these Figs, are unable to lay their eggs in the ovary, but, 
nevertheless, they effect cross-pollination on entering the PedagnuoU, which 
bear fertile seeds.] 
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The lowers of Brosimum are the most reduced. The perianth is wanting, 
and the <? -flower has only 1 stamen. Cecropia (Trumpet-tree), in S. Am., has 
its pith divided into chambers ; these are inhabited by ants, which feed upon 
small food-bodies formed on the swollen base of the petioles. The leaves are 
petiolated, often shield-like, fringed or lobed, and sometimes with white felted 
hairs. They serve as food for Bradypus (the Sloth). Sorocea ; Gastilloa, 
About 300 species exclusively in the warmer climates. The white Mulberry 
(M. alba,imm China, India, Mongolia) is cultivated for the sake of its leaves, 
which are the indispensable food for silkworms. The black Mulberry (AT. nigra, 
W. Asia) is cultivated for its fruits, which are used for the officinal Mulberry 
juice. The ordinary Pig-tree (Ficus carica) is from the Mediterranean. The 
fruit of the well-known Oriental Sycamore (^^ sycomorus) is edible. The Bread- 
fruit tree (Artocarpus incisa) and the Jack (A. integrifolia) have their home 
in the South Sea Islands, and are cultivated in tropical countries- The 
Bread-fruit is morphologically the same as the Mulberry. It has a very large, 
spheroid inflorescence, whose floral-leaves and perianth become fleshy and 
united into one nutritious mass, together with the axis, which is also fleshy. 
The milky juice of the India-rubber tree (Ficus elastica, East Indies, a com- 
mon house-plant), and of Castilloa elastica (Am.) is the raw material of India- 
rubber. The milky juice of Galactodendroii utile (Cow-tree, S. Am.) is sac- 
charine and nutritious, but in Autiaris toxicaria (the Upas-tree, of Java) it 
is strong poison. The bast of the Paper-Mulberry tree (Br. papyrlfera, 
Eastern Asia) is used in Japan for paper. Shellac is obtained from a small, 
hemipterous insect (Coccus lacca), which lives upon Ficus laccifera and F, 
religiosa (the Bo-tree, sacred to Buddha), E. India. The wood of Madura 
aurantica (Am } has a yellow colour, and is known as yellow Brazilian wood. 

Order 4. Cannabacese. The plants which belong to this 
order are aromatic herbs, either annuals or perennials, without 
latex. Leaves jpalmine7’ved, and more or less divided, hispid, and 
■with free, persistent stipules. Flowers always dioecious] --flowers 
in panicles, formed of dichasia, passing over into uniparoas scor- 

pioid cymes. They differ from the 
ISTettles, particularly in the 5-leaved 
perianth of the -flower, the 5 sta- 
mens (Fig. 346-351) with filaments 
erect in the bud, and in the $ -flower 
hy the small, entire, cup-like perianth, 
which surrounds the base of the ovary 
(Fig. 346, p. 352), The ovary has 
two styles, or one divided into two, 
hidicated. With two stigmas and a pendulous, 

curved ovule (Fig. 346 352 J5); the fruit is a mit) the emhijro 

is curved (Hemp, Fig. 353), or rolled (Hop, Fig. 349), withotd 
endosperm. 



Fig. 346. — Diagram of male and 
female flowers of tbe Hop and 
Hemp : h the bract, p the perianth. 
The position of the embryo is 
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Only 2 genera with 3 species (Asiatic), of which two are culti- 
vated, — Humulus kcpidus (Hop, Figs, 347”349) is a twining, 
perennial plant, twisting to the righfc, with opposite, palrnilobed, 
rough leaves, and large, interpetiolar stipules. The ? -Howers 
are situated in closely-flowered, . cone-like, compound inflores- 
cences, with ultimately large, thin, imbricate floral-leaves (Fig. 
348) which bear the yellow, glandular liairs, containing hipulin. 



U7, ■ 

Pig. 3i7~3i8.— HumiUus IitpwZus; 347, twining stem ; 348, branch with strobiles. 


This inflorescence is made up as follows The most external floral-leaves are 
situated in pairs, and are the persistent stipules of a leaf, the blade of which 
has become suppressed, or in any case is rudimentary. Such a pair of stipules 
supports 4 (2-6) flowers in a double uniparous cyme, whose central axis does 
not develops into a fiower. The bracts of these flowers (bracteoles of the 
partial inflorescence) become, at maturity, very large, spathe-like, and, together 
with the stipules, produce a cone-like appearance. 

Cannabis satlva (Hemp, Figs. 350—353) is an East Indian herb, 
with palrnilobed leaves, and differs from the Hop in being annual, 



350. 


352. 


Figs. 360”854i. — Cannabis safiva: 350, ^ -plant; 351, -flower; : 
in longitudinal section; 353, fruit in longitudinal section. 


353. 

■2, ? -flower, entire and 


Family 6. Polygoniflorae, 

one side closely allied to the Urticacece by its 
and straight ovule, and by the conical ocrea 
T^v^~n the bud, similar charac- 


erect, and in having its leaves opposite at the base and scattered 
above. The $ -inflorescence is not cone-like as in the Hop, bnt the 
flowers are similar in construction. The main 
difference is to be found in the axillary shoot, which was 
suppressed in the Hop, and is in the Hemp developed 
into a leaf -bearing shoot which on each side bears only 
one 9 -flower, and in the fact that the bracts are not so 
strongly developed. 

The “ Hops ” (the female inflorescences) are used in 
brewing, and medicinally on account of the yellow 
glands which contain lupulin. The Indian variety of 
Cannabis sativa contains an abundance of glandular 
hairs and resin. The withered inflorescences are used 
in medicine and are officinal. The bast of the stems 
of the Hemp is also used and the fat oil of the seeds. In Oriental countries 
the entire plant is used in the preparation of an intoxicating drink (haschisch), 
the narcotic material being found in the glandular hairs. 


Fig. 349. — Eimulus 
: fruit in longi- 
tudinal section. 
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ters being present in the Urticaceae. On the other side it is 
related to the CnrvenibiytB. The flowers are small, often 
irimerous, regular and slightly perigynous (in Chloranthacecu, if they 
properly belong to this family, and Hoiittuynia^ more or less epigynons). 
Sjncarps are present in some Piperacem, but the fruit is generally 
a single fruit, one-seeded berry, nut or drupe. The leaves are 
generally scattered. 

Order 1. Polygonacese. The majority are herbaceous plants 
with round, often jointed stems, scattered leaves and ocrea, that is 
a membranous, tubular, ligular or stipular structure inside the 
base of the leaf, which clasps the stem and axillary bud ; the 
edges of the lamina are rolled backwai’ds in the hud. The bowers 
are regular, small, generally ^ > slightly perigynous, with incon- 
spicuous, simple, green or white perianth of 5-6 free segments ; 
stamens 5-9 (Pig. 354) sometimes 
arranged in two series ; gynoeceum 
2-3 carpels, ovary unilocular with 
one basal, straight (orfhotropous) 
ovule, 2-3 free styles. The fruit is a 
2-3-angular nut ; the embryo, with 
mealy endosperm, is straight or 
^ curved (Pig. 355 H), often unsym- 
metrical.— The inflorescences are com- 
pound, and generally branch from the 
axils of the bracteoles, so that the last 
partial-inflorescences become coiled, uui- 
parous scorpioid cymes; in Polygonum 
the two bracteoles unite into a mem- 
branous tube ; in Rluum and Rumex there 
is only one bracteole. 

Rheum (Rhubarb, Pig. 354 A) has a 6-leaved, petaloid perianth 
(Pn 3 + 3) and 9 stamens (A^'^d?^)- The d-*wmged nut is nut 
enclosed by the perianth, ’ 

Rumex (Dock, Fig. 354 P) has 6 stamens (A 3^ + 0); the perianth 
is 6-leaved (Pr3-f3), green or red, and the triangular nut is en- 
veloped by the 3 interior perianth-leaves, which point upwai*ds 
and continue to grow after dowering. These perianth-leaves often 
have warts on their outer surface. The following are monoecious : R, 
acetosa and R. acetosella. 

Polygonum (Knot-grass, Pigs. 354 0, D; 355). The petaloid 
perianth is most frequently 5-merous (f spiral) ; 5-8 stamens. 
The nut is triangular (Pig. 354 0, 355), or lenticular (Pig. 354 ])), 



Fio. 36-L — A Diagram of lUieum ; B ot 
Rumex; Cot Polygonum fagopyrtim; D 
of P. lapathifoUntn. The ovules are in- 
dicated inside the ovaries j bracts and 
bracteoles are not shown. 



dicotyledones. 

amens, the external with introree, and the internal 
j gynceceum is often bi-carpellate {Fig. 354 D). 
idered as constt noted upon the monoootyledouous 
rfeotly monoootyledonous flower with 5 trimerous 
it here the external staminal whorl is doubled (Fig. 
erons JJficam-flower (4-leaved perianth, 6 stamens, 
Bheum-&oviei with the suppression of the internal 
: m ■ Eimx is a dimerous Rime.v. Polygonum, to 
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Pollination. Eime^ is wind-pollinated, the stigmas are therefore large and 
bi'u^h-iike (indicated in Fig. 354 B), Eheim and Folpgomim are insect-pollinated 
and have therefore capitate stigmas, etc.; bouey-glands are situated at the base 
of the stamens (d, in Fig. 354 0, and n in Fig. 356) ; a few small-liowered 
Polijponum species are self- pollinated ; Buckwheat (P. fugopijram) is dimorphic 
and has long-styled and short-styled flowers (Fig. 356). PoL bistorta is protnn- 
drous and homostyled. 

About 750 species, most of which are found in the temperate regions of the 
Northern Hemisphere, some reaching as far as the snow line or into the Arctic 
regions {Oxyria, Konigia). Trees _jind shrubs are found in Jhe Tropics: 
Coccoloha, Triplaris. BJinini is Central Asiatic.— The thick rhizomes of It 
oificimiB {Rhubarb) are olfidnaL Q’he rhizomes of the ordinarily cultivated 
species, P. undulatum and rhapojiticuvi, are used in veterinary medicine. The 
following are cultivated as culinary plants for the sake of their leaves :~-~Rumrx 
iwetom (Sorrel), R, patientia^ R. scntatus^ and Pheuni andulatmu (petioles). 
Several species of Polygonum [P. hydropiper and others) have a sharp, pungent 
tastp. “ Buckwheat ” is the mealy fruit of Pdygonum fagopyrum (Central Asia) 
and is of value as a farinaceous food. P. cin^pidatmn (P, sieholdi, Japan) is an 
ornamental plant. — Calligouurn in sandy and stony deserts. 


E^iG. 366. — Flower of Polygonum fagopyncm in longitudinal section: 1, long-styled; 2, 
sliort-fctyled ; a the anthers ; st the stigmas ; n nectary. 

Order 2. Piperacese (Peppers). Shrubs or herbs, often 
with nodose, jointed stem ; leaves vsimple, entire, often with carved 
veins ; stipules wanting {Feperomia) or intrapetiolar and cap- 
like, often enclosing the terminal buds (JBlper). The flowers in 
the group PiperecE (Piper, Fig. 857, and Peperomia) are borne in 
spikes with fleshy axes (club -like), seldom in racemes, the outer 
ones are crowded and are J or unisexual, always small, 7iaked and 
without bracteoles; generally stamens 3-1-3, and gynmeeum 3, but the 
number of the stamens may be reduced by suppression to 2 , and the carpels to 1 . 
The flowers are situated in the axils of the small, generally 
shield-like floral-leaves. The ovary is always unilocular and has 
one upright, orthotropous ovule. Fruit a berry or drupe. Both 
endosperm and perUperm are present, the latter being especially 
well developed (Fig. 359). 

Piper i generally shrubs with scattered leaves, and terminal 
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inflorescences wliich are crowded to one side by the development 
of the highest lateral bud, so that they arc situated opposite the 
leaves (Fig. 3o7). Many species have stems with an abnormal 
anatomical structure. — Peperomia; chiefly succulent herbs, often 
epiphytes, with opposite or verticillate leaves having aqueous 
tissue on the upper side. 

The group Saururem (considered by some as an order, and perhaps representing 
a more original type) has 3-4 carpels with many ovules. Lcictoris stands the 
highest with regular 3-merous perianth, 3+3 stamens and 3 carpels, which are 


Fig. 367 . — Piper nigrum : branch with fmit (i). 


united at the base. Fruit a capsule with several seeds. (It has one species 
from the island of Juan Fernandez, and is also placed in an order of its own, 
Lactoridaceas, allied to the Magnoliace®, through Driw? 2 /s ). — Saururus has naked 
flowers ; most frequently 6 stamens, and 4 carpels, free or united at the base, 
each with 2-4 orthotropous ovules. Frnit, small berries.- — Houttuynia ; stamens 
situated a little upward on the ovaries ; placentation parietal ; capsule many- 



roots. — Uses. Several Piperace^e are used medicinally and for spices on ac- 
count of their pungent properties and the essential oils found in nearly all 
parts of the plant. The following are officinal i Black-pepper ” (the unripe, 
dried fruits) and “ White-pepper (the seeds of the ripe fruits) of Piper nUjriim 
(climbing shrub, East Indian) ; “ Cubeb ” berries of P. cuheba (climbing shrub, 
Java. “Long-pepper” is the unripe inflorescence of P. lovgmn, East India. 


358. 

Fig. 358.— Piper nigrum (Diagram). la 
addition to the bract there are two struc- 
tures resembling bracteoles. 


359. 

Fig. 359.— Piper nigrum.* Fruit in longi- 
tudinal section, showing the endosperm, 
perisperm, and pericarp. 


The leaves of P. angustifoUa (Matico) are officinal. The leaves of the Betel- 
pepper (East India) are used together with the nuts of the Areca-palm to form 
the well-known East Indian intoxicating compound “Betel.” A good many 
others are also used. 

Order 8. Chloranthaceae. (Chlorantfms, Hedyosmum) have opposite leaves, 
with stipules more or less united at the base,, and inferior “ drupes.” Ovules 
pendulous. Only endosperm. About 38 species, Tropical* 


Family 7. Curvembryse. 

The plants in this family have a curved ovule, and most fre- 
quently a Mdfiey -shaped seed (generally provided with line, cuticular, 
projecting warts, Fig. 362 .B), with a curved, peripheral embryo en- 
closing the endosperm which is most frequently floury (Figs. 362 0, 
365 if ; for exceptions, see Fig. 366) ; the seeds in all cases are 
borne on a and in most cases (they 

are “ basal ” when there is only 1 ovule in the ovary, Fig. 364). 
The flower is regular, hypogynous or perigynous (Fig. 364) (only 
rarely epigynous) and usually ^-merous* The flower which is most 
complete has 5 whorls (S5, P5, A6 + 5, G2— 3—5), as in some 
genera ox the Caryophyllaeeee (Figs. 360, 361) ; but from this 
type it becomes reduced, the petals and stamens being suppressed, 
so that finally 5 perianth-leaves, 5 stamens (opposite the perianth- 
leaves), and 2 carpels (Fig. 361 F) only are present ; for example, 


cuRVEMimy.®. 



DICOTTLEDOXES. 


in certain genera of the GaryojpliylJacesB, in the Chenoi^odiaceie, 
Amaraniacem, and others. When the number of stamens is in- 
creased to more than 5 in the whorl, it is always possible to show 
that some of the stamens have been divided. The number of the 
carpels and ovules also becomes reduced ; in the highest there is a 
central placenta, not free in its early stages, with a large number 
of ovules ; in those which are most reduced there is only a single 
ovule, which is placed centrally at the base of the ovary (F]g. 364). 
Somewhat corresponding changes are found in the fruit, which is a 
many-seeded c(ij)sul6 in those which have many ovules, but a one- 
seeded nut where there is one ovule. In the most reduced forms 
the flowers are generally unisexual. — Similar features are also pre- 
sent in the vegetative parts. A.lmost all the species are heiba- 
ceous, the leaves are simple and most frequently without stipules. 

I The structure of the stem, especially in Chenopodiacese, Amai'antaceie, Nyctagi- 
] niaceaj and others, often differs from that of the ordinary Dicotyledon. In the 
! woody portion of the stem and root several rings are sometimes formed which 
resemble annual rings but which are formed by new cambium-rings arising out- 
j side the old ones which then cease to divide. 

Order 1. Caryophyllaceae. Herbaceous plants, with round, 
nodose stem ; leaves opposite, slightly amplexieaul, sim^e, with 
sessile, undivid^,'''eSTrSTa^ina ; stjpules nearly always absent ; the 
inflorescences are dichasia passing over into unipared scorpioid 
cymesr"^ The Sower's are regular, J or unisexual, hypogynous or 
peHgynous, 5- (or 4-) merous with 2-3-4~5 carpels; calyx persistent ; 
corolla polypetalons. '1^ ovary is nniipcular (or originally, and 
sometimes also in the later stages, pl^^^pilofill^^T. 

with free s^^les and 1— several curved ovules on a centTCi l, free 
placenta. The jr nit is a nut qr a capsu^ opening apically with 
long or short valves (teeth, ""Fig. 362), equal to or double the carpels. 
For the seeds refer to the family. In Dianthus the embryo is straight. 

The flowers which are most complete have Sw, P//, Ait + n (obdiplostemo - 
' nous ), Gn where n = 5 (Figs. SCO, 35l A) or 4 (Fig. 361 B) ; the carpels may be 
placed opposite to the sepals (Fig. 360) or opposite to the petals (Fig. 361 A, B). 
Without any change taking place in the position of the other whorls, the 
carpels are next found reduced to 2-3-4 (see the genera) ; their number may 
easily be recognised by that of the styles. This is the construction in the 
majority of the genera in the two first groups. StelUiria viedict diflei's consider- 
ably. It may have (a) the flower as described above, with Gd ; (b), the corolla 
only absent, or (c) only the petal-stamens (A5-f-0, Fig. 361 (7), or {d) all these as 
well as some of the sepal-stamens. The same applies to Sagina, Alsine, Cera^- 
tium, and others, and,, finally, ,a series of genera are formed, with certain condi- 
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EX. 361 .-^-E Diagrams of flowers of tfle OaryopUyUace. : ^ R Sagi« = 

C Stellana’, D Corngiola; ^ JPo,ro}iychia; F Beuiiana. 

.yp. ' 

form on one side the Silene*, adapted “ ^ ^ith wions re- 

tion, are developed, and on the other side the PmronycMe 

ductioDS. 

.. ap«»=*. s*™hw«» 

with thBm stellotely eipiai'lei. PWa? ^ 


X- nf reduetion which have become constant, and by a gra Inal series of steps 
raTto the mLt reduced form, which has only 5 sepals and 5 (or even as far as 
rfv X) sepal-Btamens (Fig. 361 D. -E, 
petals in the AUlnece are often deeply bifid. The 
eepal-stamens are most frequently the longest, and 
bear nectaries at the base (Fig. 363 si . In the 
most complete forms the ovary has partition-wa^ 
in the lower portion (Fig. 360) ; these on, 
however, reach to the top, and generally soon dis- 
appear. The ovules, when numerous, are situated 
on tbe placenta in as many double rows as there 
are caipels. In tbe number of ovules a reduction 
from many to 1 takes place (Fig. 361). A com- 
parison proves that carpels. The single basal ovule 

placenta is formed ^^thers, is also borne on the carpels. _ 

in Herniana (Fi^. ob ), ^ Onp of tlie leaves in a pau’ is 

The vegetative hranchvng is c aiac e * axillary bud ; these stronger 
formed before the other and has a the branches are 

mlTtVarLngeTin the same ““ 
pressed, or in some this bracteole itself is suppressed. 


FiG. 360.— Diagram of Di/eJt- 
nis : a, ^ bracteoles. 
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odorous) petals; these, however, often become suppressed (Fig. 
863). The fruit is a capsule. ’ 

a. As many carpels as sepals (4 or 5). Gerastium (Chick- 
weed). The petals are bifid. Capsule cylindrical, frequently 
ctcrved at the top, and opening by 10 teeth (Fig. H62) .-—Malachium 



k B C 

Fig. 362.— Gerastium amnse: A fruit; JB seed; C section of seed. 


diSers only in the 54oothed capsule with bifid teeth. — Spergula (Spurry). 
The petals are not bifid , capsule 5-valved ; seeds winged. The 
leaves are linear, and appear as if placed in large numbers in a 
whoi'l, a branch being situated in the axil of each with leaves 
placed very close together at its base ; stipules memh^anous . — Sagina 
has Sn, Pn, An+n, or An, Gn, where n=4 or 5. The corolla is often wanting. 


b. 8 (rarely 2) carpels (Fig. 861 G). ^ellaria (Stitchwort) 
has deeply cleft petals. The number of stamens varies (see above). 



Fig. 363.— Areuarw (Halianthus) ^eploides: § (^) and <5 -flower (B, G). 


— Arenaria has entire petals. (To this group belong AUine, Moehringia, 
HalianthuSy or Honckemja (Fig. 368), which differ from each other, especially in 
the form of the seed and number of the capsular valves.) Spergularia has 
membranous stipules, as in Spergula. — Holosteum. 

2. Pakontchiej: (Pigs. 361 D, E, F-, 364). Small, greenish 
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plants. The leaves, in the majority, are opposite, with 7>ievihran- 
ons stipules. The flowers are most frequently arranged in small 
dichasia-, they are small and insignificant, perigynous (Fig. 30-i) 
or hypogynous. The corolla is in most oases wanting, and when 
present'is very small ; in general the calyx-stamens are de%'eloped, 
but the corolla-stamens may be represented by small scales (Fig. 
364). Ovary most frequently with 1 ovule. Fruit, a nnt, rarely a 
capsule ; it is enclosed by the strongly perigynous floral axis 

(torus). - _ 

Scleranthns (Knapwell) is perigynous with hell-shaped torus ; 

no corolla; corolla-stamens are wanting or rudimentary;^ some 
calyx-stamens may also be absent . — Corrigiola (hig- ’ 

Illecebnmi', Faronychia (Fig. ^61 E); Ifemi’ami (Figs. 361 dbi). 

3 . S 1 LENE.E, Pink or Carnation Group. 

This has a gamosepaloiis calyx and un- 
guiculate, white or red, petals, with out- 
growths (ligule, corona, paracoroUa) at the 
throat of the corolla. These structures 
are not found in the other groups, and 
are merely outgTOwths at the junction of 
the limb and claw. The corolla, stamens 
and ovary are frequently raised above the 
calyx, upon a lengthened internode (pno- 
phore). The fiower has S5, P5, A5 + 5 ; 
fruit a capsule with many seeds. 

a. 5- (rarely 3-4) carpellate ovary.— 

Lychnis (Campion, Fig. 360). The corolla 
is longer than the calyx ; corona present. 

The capsule is 10- or 5 -toothed, completely 
1 - chambered or 5 -chambered at the 
l^ase,— the genus has been divided accord- 
iuG'ly into several genera : Melandrium 
Lychnis, Viscaria. Some species are unisexual by the abortion of stamens 
or carpels (L. vespertina, diunia). Agrostemma (A. githago, oxn cocv e, 
Fig.'lBl ^1) ifas a long-toothed calyx, the teeth exceeding the 

corolla ; corona absent ; 0 - toothed capsule. 

b. Tricarpellate.-SiZ6«6 (Catch-fly). Six-toothed capsule; 

.corona present in the majority. has berry-like fcmts wlncb 

finally become dry but do not dehisce. 

c. Bicarpellate (2 styles, 4-toothed 
at the base of the calyx 1-several 


Fca. 36A— Hcnu’aria 
flower ; longitudinal 
tion through the flower; atig- 
Hia with two pollen-grains. 
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corona absent* The straight emlmjo is a peculiar ezcepiion,— Gypsophila 
has a campanulate, open caljx, 5-nerved, rflembranons between the 
nerves; corona absent; the flowers are gen erallj small and 
nnraei’ons, in a large, paniculate dichasia. — S^apowana (Soapwort) 
has corona. 

Pollination. AUmecs has ordinary nectaries at the base of the calyx- 
stamens (Fig. 336) : they are frequently protandrous but may often, in the 
absence of cross-pollination (in the less conspicuous specie^') pollinate them- 
selves. Tbeir open flowers are accessible to many hinds of insects (particu- 
larly flies and bees). Gynodimcioiis flowers are found in several species, and 
the 5 -flowers are then generally more conspicuous than the $ -flowers. That 
the $ -flowers have descended from ^ -flowers is seen by the large staminodes 
found in them (Fig. 363). Arenaria peiyloicles is dioecious (Fig. 363). The Silenetc, 
are as a rule adapted for pollination by insects with long probosces— especially 
butterflies,-— and they are frequently protandrous, so that at first the cal.>x- 
stamens open, later on the corolla-stamens, then the stigmas expand. The 
honey is secreted by a ring-like nectary round the base of the ovary or by 
nectaries at the base of the stamens. Some only blossom and emit scent at 
night or in the evening (Lychnis vespertina, Silene nutans, Saponaria ojicinalis) 
and, like other night-flowers, are of a white or pale colour. 

Bistkibution. 1,100 species, especially in temperate climates, fewer in the 
colder zone, less still in the Tropics. The Paronychieae are especially found in 
dry, sandy fields. 

Uses. “ Soap-root ” (with Sapo7iin, forming a lather in water) from Saponaria 
oihcinalis was formerly officinal, and Gypsophila stmthhm. The seeds of 
Agroxtenma githago are said to be poisonous. — The following are ornamental 
])lants : species of Pinks (D. caryophxjllus, garden Pink, often with double 
flowers; B. harhatus, plimarius, etc). Lyclmis, Gypsophila, Silene., Cerastiim 
(C. tomeniosuvi as edging for borders), Saponaiia officinalis (often coronate). — 
Sperg^ihi arvensis is sometimes en\iiva>ted. 

Order 2. Amarantacese. The flowers are essentially the same as in the 
Chenopodiacem and the extremely reduced Caryophyllaceae (Fig. 361 F) ; they 
are regular, hypogynous, generally ^ > bave 5 free (rarely slightly united) 
} erianth-leaves ; in front of these 5 stamens, which are often xinited at their 
base into a shorter or longer tube and have stipule-like teeth between them (the 
division G(miphrime<BhB.^ 2-locular anthers, each of which opens longitudinally) ; 
and a 2-3 carpellate gynoeeeum with one loculus and most frequently one, more 
rarely several ovules; the fruit is a nut, more rarely (in Celosia, Amarantm, 
Goynphreyia) a capsule, dehiscing irregularly, or like a pyxidium. The characters 
which especially separate them from the allied orders are found in the perianth. 
The perianth-leaves are not green and herbaceous, but inemhi'anous, dry, and 
often coloured ; they are frequently produced into a bristle or awn ; they have 
also both subtending floral-leaves and 2 large hracteoles similar to the perianth ; 
all these dry leaves persist without alteration after the withering of the flower. 
—The flowers are without scent. They are arranged in spike- or eapitulum- 
like inflorescences; sometimes placed singly, sometimes aggregated in the 
panicle-like inflorescences ; in others, on the contrary, in dichasia- The 
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majority are herbs, some are shrubs. The leaves are scattered, or opposite, 
but always simple and without stipules ; some are smooth, others hairy, 

450 species ; especially in the Tropics, principally S. Am. and E. Inch : 
few are found outside these countries. — Only a few are used; some, chiefly 
E. Indian species, are cultivated as ornamental plants: Amaranihiis (Fox- 
tail) ; Gomjihrcna globosa ; Celosia cristata (Coek’s-comb) remarkable for 
its faseiated inflorescence; Alternanthera, Some are employed as culinary 
plants in the Tropics, and in a few of the E. Indian species the seeds are 
farinaceous, and used for food. 

Order 3. Chenopodiaceae. Generally lierbaceous plants like 
the Cai’yophjllaceao, but the leaves are arranged spirally (except 
SaUcoi'uia), and are simple, exstipnlate ; they are generally fleshy 
and like the stem “ mealy,” that is, covered with small hairs, whose 
large spherical terminal cell readily falls away; otherwise they 
are seldom hairy. The inflorescences are generally flower-clusters 
borne in panicles. Bracteoles generally absent. Flowers gene- 
rally unisexual : with the single exception of Beta the flowers are 
hypogynous ; they are regular, small and inconspicuous, with single^ 
green^ o-leaved, but wore or less united perianth ; 5 stamens opposite 
the perianth, and a 2-^-carpellate, unilocular ovary with 1 basal, 
curved ovule ; but in some genera the number of the perianth-leaves 
and stamens is reduced to 3-2-l”0. The fruit is generally a 
nut, — thus this flower and fruit are the same as in the reduced 
Caryophyllacea (Fig. 361 F), The seed is similar to that generally 
found in the family (for exceptions see the genera). 

The floral diagram most frequently present is the same as in Fig. 361 F, There 
is no indication of corolla or of corolla- stamens, which may be supposed to have 
belonged to the plant, but which are now entirely and completely suppressed. 
This order appears to have been an offshoot from the Caryophyllacese. — The 
perianth persists after the withering of the flower, and envelopes the nut ; it is 
very variable, and, together with the position of the seed, the form of the 
embryo, the sex of the flowers, etc., gives the characters of the genera. 

I, Chenopodiej:, Goosefoot Group (Fig. 365), has ^ (or poly- 
gamous) flowers, with regular 5-parted perianth (G) ; the em- 
bryo is ring-like (H). The leaves have the ordinary flat forms, 
— Ghenopodium (Goosefoot). The flower is hypogynous, and the 
fruit (which is compressed) perfectly free ; Mulberry-like collec- 
tions of fruits are formed in some species (sub-genus Blitum) by 
the perianth becoming finally fleshy and coloured. — Beta (Beet, 
Mangold, Fig, 365) differs from all genera in the perianth, which 
finally becomes cartilaginous, being epigynous (B). Small, most 
frequently 2-3-flowered clusters without bracteoles, situated in a 

w. B. 
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long*, interrupted axis (J, B) ; the flowers and fruits in each 
cluster are more or less united indiyiduall and fall off together — 



Fig-. 305.— Beta vulgaris. 


they are commonly known as seeds F), The seed lies horizon- 
tally . — Hahlitzia (H, tammides). 

2. Salsole^, Saltwort G-roup, has cylindrical or semi-cylindri- 
cal leaves. Perianth as in the preceding group ; the fruit is most 



Fig, 366. —Salsola soda : embryo. 


frequently compressed. The two first mentioned genera differ 
from most' of. the others in the order in having a spirally-coiled, 
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and not a ring-like embryo, so that the endosperm is slight or 
wanting (Fig. 366). These plants are sometimes placed as a 
group by themselves, Spirolobeze— in contradistinction to which 
the others are termed Cyclolobe^. — Salsola (Saltw'ort) ; leaves 
subulate, wdth spiny tips ; the dowers have 2 spinous bracteoles : 
during the ripening of tlie fruit a tough leathery wing is de- 
veloped transversely to the back of the perianth.-— 
deviates from Chejiopodium chiefly in the embryo and want of endosperm. — 
KocJiia has a somewhat similar perianth to Salsola, but a ring-like embryo ; 
it differs from the others in being hairy. 

3. Salicornie^, Geasswort Group. SaUoorma (Glasswort) has 
a very different appearance. The stems are succulent, jointed, and 
almost leafless ; the leaves opposite, very small, sheath-like and 
connate ; there is a depression in the axil of each leaf, in wdiich a 
small 3 -fiowez*ed dichasium without bracteoles is sunk ; the 
flowers have a trimerous perianth, 1-2 stamens and 1 carpel. No 
endosperm. S. herhacea on clayey beaches. 

4 . Atriplicej]]. This group has most frequently unisexual 
dowers ; the -dower has a 4-5 partite perianth, but the $ -dow'er 
differs from it. Atriplex is monoecious or polygamous, the $ - 
dower is naked, but has 2 large, herbaceous bracteoles wdiich 
expand during the ripening of the fruit, and often become wanted 
and fringed, enveloping the compressed nut. • The section Dichospermum 
has two kinds of ? -flowers, one like those just described, the other similar to the 
Chenopoditnn-'B.owers, which have been deprived of their stamens, and the fruits 
of which are depressed, not pressed together from the sides; some (e.g. A, 
hortensis) have even three kinds of nuts. All the flowers of Atriplex, which 
present vertical fruits, are accessory shoots, which stand beneath the ordinary 
flower-clusters, a rather singular relation. — (Spinach) is dioecions ; 

-dower : perianth, 4 (~5) ; stamens, 4 (-5) ; ? -dower: tubular, 
2 - 4 -parti te perianth, hardening during the ripening of the fruit, 
and uniting with the compressed nut ; in 8, olermea, it also foimis 
thorns \ 4 long stigmas. — Ealimus has the 2 long bracteoles 
almost entirely united and ultimately adhering drmly to the 
fruit. 

5 . Baselle^e. a somewhat exceptional group with more or less perigynous 
flowers and 2 bracteoles. Basella, BoussingauUia, Vlluctis. The perianth is 
sepaloid ; ovary 1-ovuled. In Basella the perianth is fleshy, enveloping the 
nut, and the cotyledons are so rolled together that a trauverse cut divides them 
in two places {as in Spirolobe^). Herbaceous climbing plants. 

Pollination. Wind- and self-pollination, as far as is known; the insignifi- 
cant flowers, devoid of honey, appear to exclude iiisect-pollination, — 520 
species. Most of them are annual (out of 26 native species only 5 are peren- 
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nial); inhabiting salt-marshes and salt-steppes, and growing as weeds (most 
frequently on garden or field soil containing manure) in this country, especially 
species of Chempodium and Atriplex. The majority are found outside the 
Tropics, and play a very important part, for example, in the Asiatic salt- 
steppes. They grow gregariously in large masses. 

Uses. Comparatively few. The only important one is Beta vulgaris (from 
the Mediterranean basin), with its different varieties, viz. Beet-root, Cattle- beet 
or Eed-beet, Sugar-beet, and others. These are biennial, making in the first 
year a root which acts as a reservoir of reserve material, with a rosette of leaves, 
and in the second year using this material in the production of a long stem, 
leaves and flowers. The primary root has been developed by cultivation into a 
very thick and fleshy tap-root ; its mode of increase in thickness deviates from 
that of other roots, concentric rings of vascular bundles being formed from a 
cambial ring developed outside the previous ring. In this way several rings 
of vascular bundles separated by medullary rays, alternating with rings of 
parenchyma, may be found in the root of a Beet. Besides Beta vulgaris, var. 
hortends (Beet-root), the following are also cultivated ; var. cicla (Leaf-beet, 
“ Mangold,’^ or “ Eoman Spinach ”), Spinaciu oleracea and Atiiplex hortends 
as Spinach ; a form of the latter and of Spinach are grown as ornamental 
plants. The tubers of Ullucus tuberosus are used as potatoes ; Chempodium 
quinoa, in Chili and Peru, is an important farinaceous plant. Soda is made 
from some (Salsola kali, Ghenopodina maritima and others). Aromatic proper- 
ties are rare; Ghenopodium ambrosioides and botrys. 

Order 4, Batidacese. Batis maritima, a bushy West Indian maritime 
plant. 

Order 6. Phytolaccaceae. The $ (sometimes unisexual), regular, some- 
times slightly perigynous flowers are inconspicuous and have a single sepaloid 
or coloured 4-5-leaved perianth (generally united at the base) ; stamens either 
in 1 whorl in the spaces between the perianth-leaves or in 1 whorl opposite the 
perianth-leaves, or in 2, one of which alternates with these ; but the number 
may be increased by the splitting of one or of both the whorls to as many as 
10-15-20-25. sometimes only one, sometimes many (4-10) placed in a 

whorl, either free or united into a gynoeceum with a corresponding number of 
loculi in the ovary ; but in all cases each carpel bears only its own style and 
1 ovule. The fruit is a berry (or nut, capsule, or schizocarp), — Mostly herbs 
or herbaceous shrubs, with scattered, simple leaves without stipules {Petiveriece 
have stipules). Inflorescences, most frequently racemes or spikes, which in 
some instances are apparently placed opposite to a leaf, being displaced by a 
more vigorous growth of the axillary bud. Embryo always bent. — Petiveria 
has a straight embryo with rolled cotyledons. — Phytolacca, Pircunia, Microtea, 
Beguieria, Rivina (Pr4, A4, Gl; berry), and others. 

The following plant is, with some doubt, placed near this order : Thely- 
gonum cynocrambe ; monoecious. $ -flowers : perianth, 2-leaved ; stamens indefi- 
nite. ? -flowers : perianth-leaves united, 3-toothed ; Gl, style gynobasic. 
Bruit a drupe. An annual plant ; Mediterranean. Branching anomalous. 

About 90 species; in tropical and temperate countries, principally America 
and Africa. — The red juice in the fruits, especially of Phytol. decandra, is used 
for colouring wine. 
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Order 6; Portuiacacese (Portnlacas)* Tlie flowers are 
regular (except lay pogynons (except ForMaca) and g. 

The diagram which applies to the majority of genera is that in 
Tig, 367, hut with all the 5 stamens completely developed: it may 
be considered as the Ohenopodiaceous diagram with the addition 
of 2 braoteoles in the median line (m-?^, these by some are con- 
sidered as sepals), and with a petaloid perianth (usually desig- 
nated ^(corolla ”). The ‘‘petals” falToff very quickly, and aa*e 
sometimes wanting. Most frequently 5 stamens, situated oppo- 
site the “petals,” but in other genera the number varies; Mciitia 
has only 3 stamens (by suppression of the two anterior and 
lateral. Fig. 367), others again have more than 5, some a large 
and indefinite number. This may be explained partly by the 
appearance of a second whorl of stamens alternating with the 
first, and partly by the splitting (dedoublement) of the stamens, 
Grynoeceum most frequently tricarpellate, ovary unilocular with 
l-several basal ovules (sometimes on a 
branched placenta, as in certain Garyo- 
phyllacecB). The fruit is a capsule, more 
rarely a nut,- — The majority are annual 
herbaceous plants with scattered, entire 
leaves, often fleshy and smooth, with or 
without rudimentary stipules (dry, mem- 
branous, modified into hairs). Inflorescence 
cymose. 

Portulaca (Portulaca) : flower, epigynous or semi-epigynoiis ; 
fruit, a pyxidium^. The stamens vary in numbei', and are most 
frequently placed in groups (in consequence of splitting) opposite 
the petals. — Montia : the corolla is slightly gamopetalous, but 
cleft on the posterior side (Fig. 367), and as a consequence of the 
larger size of the lateral petals, slightly zygomorphic ; 3 stamens, 
—Calandrinia ; Talimim ; Anacampseros ; Claytonia, 

125 species ; mostly in warm and temperate countries, especially the arid parts 
of S. Am. and the Cape. Montia fontana (Blinks) is a native plant. Portulaca 
oleracea is cultivated as a pot-herb in the south of Europe. A few species of 
Portulaca and Calandrinia are ornamental plants. 

Order 7. Nyctaginiacese. The characteristic feature of this 
order is the single, regular, tmitedy and often petaloid perianth, the 
lower part of which generally persists after flowering and em- 
braces the fruit as a false pericarp. The npp^r portion is most 



Fig-. 3C7.--MoHfia. 
Diagram of flower. 
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frequently valvate and folded, or simply valvate in aestivation. 
The number of stamens varies. The free gynoeoeum is wwcar- 
'peJlate and has 1 ovule. The fruit is a nut, but becomes a /aZse 
dmpe, since the lower persistent portion of the perianth becomes 
fleshy (as in JSfeea, where this fleshy part is almost always crowned 
by the upper persistent part of the perianth. In the majority of 
the Mirabileje the lower part becomes the dry ai^tJiocarp, while 
the upper petaloid part falls away after flowering). Finally, a 
peculiar involucre is formed around the flowers by free or 
united floral-leaves. — The majority are herbs, some are tree's 
(Tisonia, etc.) ; Bougainvillea is a liane. The stems are often 
nodose and swollen at the nodes; the leaves are simple, penni- 
nerved, scattered, or opposite, without stipules. In some, the vascular 
bundles are scattered ; stem anomalous. 

Mirahilis ; the structure of the stem is abnormal. Dichasial 
branching with continuation from the second bracteole, thus form- 
ing uni pared scorpioid cymes. The perianth is petaloid, funnel- 
shaped, and has a folded and twisted sestivation resembling that 
of the corolla of the ConvolvulacecB ; the upper coloured portion 
falls off after the flowering. Outside, and alternating with it, is 
a 5-partite, sepaloid involucre of 5 spirally- placed floral-leaves. — 
Oxyhaphus; the involucre envelops 1-3 dichasial flowers. — 
Bougamvillea ; the involucre is rose-coloured, 3-leaved, and en- 
velops 3 flowers (placed laterally ; the terminal flower wanting). 
The leaves of the involucre in Boerhaavia, Pisonia, Neea, and others 
are reduced to teeth or scales. 

157 species ; mostly in tropical countries, and especially S. Am. Species 
of 3Iirahilis (Am.) are ornamental plants. Thein is found in Neea tlidfera 
Oersted (discovered by Lund in Lagoa Santa, Brazil), which may be used as a 
tea-plant. 

Order 8. Aizoacese, Only 3 lohorls are found in the flower, which alternate 
with one another when their leaves are equal in number. The first is sepaloid, 
the third one the carpels^ and the intervening one is either uncleft, in which 
case it is developed as stamens, or it is divided into a large number of members 
which then all become stamens (arranged in groups), or the outermost ones 
become developed -as petals. The fruit is most frequently a capsule with 
several loculi. Most of the species are herbs with thick, fieshy stems, and 
exstipulate leaves. The structure of the stem is usually anomalous. 

I, AizoiDEiB have hypogynous or perigynous flowers with (4-) 5 perianth- 
leaves ; stamens single, or (by splitting) in groups of 2-3, alternating with the 
perianth-leaves. The gynoeceum (with 3-5 carpels) has 3-5 loculi in the ovary, 
and most frequently numerous ovules in each loculus, borne on the central 
placenta formed by' the edges of the carpels. The fruit is a capsule. The 
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ill florescences are dicliasia and iinipared scorpioid cjmes.— Molhtjo^ 
Semviimyrnd othem are herbs or bushes, most frequently hairy. 

2 , MESEMBRiANTHEMEiE liavG semi- 01 ' whollj-epigyiious dowers. — Tetra- 
gonki. The perianth is 4 (more rarely 8-5-6) -merous. Stamens single, or (by 
splitting) in groups alternating with the perianth- leaves. There is an indefliiite 
number of carpels, and each loculus of the ovary contains onhj 1 pendulous 
ovule. Fruit a nut or drupe. The flowers arise singly in the leaf -axils, with an 
accessory foliage-bud below them; in some instances there is also an accessory 
flower between this bud and the flower. Southern hemisphere, especially at 
the Cape; T. expansa, New Zealand Spinach, is a fleshy plant w'hicli is 
cultivated as a pot-herb (Japan, Austr., S, Am.). — Mesemhnanthemitm : the 
flowers are 5-merous ; the numerous linear petals and the still more nu- 
merous stamens all arise by the splitting of 5 or 4 protuberances (primordia) 
alternating with the sepals. The ovary presents another characteristic peculi- 
arity : the carpels alternating with the 5-4 stamens form au ovary (with several 
loculi) with the ovules at first borne, as in other cases, on the inner corner 
of the inwardly-turned carpels; but during the subsequent development the 
whole ovary is so turned round that the placentae become parietal and the 
ovules assume, apparently, a position very rarely met wuth in the vegetable 
kingdom: on the dorsal suture of the carpels. Shrubs or under-shrubs, more 
rarely herbs with fleshy stems and simple, entire, more frequently thick or 
triangular leaves, containing a quantity of water. The flowers open about noon, 
and are brightly coloured, g.-nerally red or red- violet, but odourless. The 
capsules dehisce in rainy weather, 300 species, mostly found at the Cape. 
Some are ornamental plants. M. cry^tallinum (the Ice-plant) and others are 
covered with peculiar, bladder-like, sparkling hairs, the cell-sap of which con- 
tains salt — these serve as reservoirs of water. 

Family 8. Cactiflorae, 

The position of this family is very doubtful ; but it seems in 
many respects to approach Mesemhrianthemum, Some botanists 
place it near to the Ribesiacese ; others, again, to the Passifloracese. 
(3n]y 1 order. 

Order Cactaceae (The Cacti). The flower is epigynous, 
regular, and remarkable for its acyclic structure ; there are, for 
instance, a large number of spirally-placed sepals and petals, which 
gradually pass over into one another, and which in some species, to 
a certain extent, arise from the walls of the ovary as in iSlymphm 
(Fig. 383 A, B). The petals are free; rotate, opening widely in 
Opunfia; Pereshia,\?ind likipsalis ; erect and united at their base 
into a shorter or longer tube in Cereus, Epiphyllitm^ Mammillaria, 
Echinocactus, Melocactus, and others (Fig. 369). Stamens numerous, 
attached to the base of the corolla ; gynoecenm formed of 
carpels, with one style, dividing into a number of branches corres- 
ponding to the number of carpels; the ovary has 02 ^e with 
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many parietal placenta ; the ovules are anatropous, on long and 
curved funicles. Fruit a berry with exendospermous seeds. The 
fruit-pulp is mainly derived from the funicles. — The external 


Fig. 3G8.— ^4 JSchmocactus : a position of a leaf-lamina ; h a lateral shoot on the displaced 
axillary bud. S PeresUa : h a foliage-leaf on a small thorny branch which is subtended 
by a foliage-leaf which has fallen off and left a scar (a). 

appearance of the Cactacese is very peculiar; PeresHa, which has 
thick and fleshy leaves (Fig. 868), deviates the least; foliage- 
leaves of the usual form are wanting in the other genera, or are 
usually very small, and quickly fall off and disappear (Opuntia)^ 
or are modified into thorns ; the stem, without normal foliage- 
leaves, — so characteristic a feature in this order,— makes its appear- 
. ance after the two normally 

developed cotyledons. The 
stems are fleshy, perennial, 
and may finally become 
woody. In some they are 
elongated, globose, pointed, 
a nd more or less di choto- 
mously bt'anched, e.g, in 
several of \tihe''''.'SMpsaMs\ 
species, which live mostly 
as epiphytes on trees ; in 
others, elongated, bi‘anched, 
globose, or, most frequently, 
more or less angular (pris- 
matic) or grooved and pro- 
vided with wings, and either 
columnar and erect (as 
much as about 20 metres in 
Fig, 369.— height and 1 metee in cir- 
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cumfereBce, as in G. giganteus in ISTew Mexico) or eliHibiiig bj roots 
{Cereiis and BhipsaUs-B^eQiB^) ; in others again, compressed, more or 
less leal-like, often with a ridge in the centre (winged), branched 
and jointed : JElpiphylhion, Phyllocactus^ Opimtia, some species of 
Ilhipsalis ; others are tliick, short, spherical or ovoid, imbranched or 
onl j slightly branched, and either studded with prominent warts 
(mammillm) each of which supports a tuft of thorns (Fig. 368 ..f ; 
Mmnmillaria and others) or with vertical ridges, separated by 
fiiin^ows (I'ows of mammillae which have coalesced) in Melocactm, 
EcJdnocactm, JScMnopsis (Fig. 369) ; at the same time the ovary in 
some is embedded in the stem so that leaves or leaf- scars, with 
tufts of thorns in their axils, maybe observed on the ovary just as 
on the stem. — The flattened shoots of the Cactaceje are formed 
in various ways, either by the compression of cylindrical axes 
(Opimtia) or^ as in Melocactm, etc., from winged stems in which 
all the wdngs are suppressed except two. 

The thorns are produced directly from the growing points of the axillary 
buds, and are modified leaves. The axillary bud is united at its base with 
its subtending leaf, which as a rule is extremely rudimentary; and these 
together form a kind of leaf-cushion, larger in some genera than in others. 
This leaf-cushion attains its highest development in Blammillaria, in which it 
is a large, conical wart (see Fig. 368 A), bearing on its apex the tuft of thorns 
and rudimentary lamina. — The seedlings have normal cotyledons and a fleshy 
hypocotyl. 

All the species (1,000?) are American (one epiphytic species of Rhipsolish 
indigene ns in S. Africa, Mauritius and Ceylon), especially from the tropical 
table-lands (Mexico, etc.). Some species, especially those without thorns, as 
lihipt^alid, are epiphytes. Opuntia vulgaris^ the fruits of which are edible, is 
naturalized in the Mediterranean. The cochineal insect {Coccus cacti) lives on 
this and some closely allied species (0, cocciiiellifera, etc.), particularly in. 
Mexico and the Canary Islands. Several are ornamental plants. 

f ■"“I'"'', 

Family 9. Polycarpicse. \ “ 

The flowers as a rule are J , regular B.nd liypogynous ; however in 
some orders they are unisexual, e.g,. in the Myristicaeeje, or 
zygomorphic (in Monkshood and Larkspur in the Eanunculace^e) ; 
ill the Lauracem, (Fig. 386) for example, perigynous, and in 
Nymplisea (Fig. 383) even partially epigynous flowers are typical. — 
The flo-wers are acyclic in very many of the genera of the two first 
orders, if not completely so, at any rate in the numerous stamens 
and carpels, thus denoting an old type. It is a remarkable 
characteristic that in the majority of the orders the number 3 pre- 
vails in the calyx and corolla.; the number 5 also occurs, but the 
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number 2 is seldom met with. Most orders have a doable 
perianth; chorisis does not occur, suppression is rare, and the parts 
of the flower are developed in acropetal succession. The most 
characteristic feature in the order is the free, one-leaved, as a rule 
uumewtcs (apocarpous gynoeceum). The number of carpels 

ill some of the last mentioned orders dwindles down to 1 (e.g. the 
Jkrheridem and Myristicacese) . The carpels in Nymph&eacese become 
united into (syncarpons), a condition which we also find 

distributed among the other orders. 

Endosperm occurs in almost all the orders (except e.g. Laitracea?), 
The nutritive tissue in Cahomhese and Nymphseeie is chiefly pm- 
sperm. 

Order 1. Ranunculacese. Nearly all are l%e7''hs (except 
Clematis), The leaves are scattered (except Gle^natide&s) , they 
]i a ve a large sheath with broad base (no stipules), and are most 


FiGt. 370.— -Diagram Fig. 371.— Diagram of a dicbasium Fig. 372.— Diagram of an 


of Aquilegia vulgaris: 

spur. A cyclic 
llower. 


of Ranunculus acer : a^, a^, and 
bracteoles (the buds in the axils 
of the bracteoles, a and are con-' 
tinned antidromously). The flower 
has cyclic calyx and corolla, but 
acyclic (/y) stamens. 


acyclic, Eannnculaceous 
flower (only 3 stamens are 
indicated). The spiral of 
the sepals has a diver- 
gence of I j that of the 
corolla and subsequent 
leaves 

frequently palminerved with palmate lobes. The flowmrs are 
hypogynous, with most frequently a well pronounced convex re- 
ceptacle (Figs. 374 B, 380), regular (except Eelphinium and 
Aconitum) ; their structure varies very much ; in some the leaves 
are verticillate, in others arranged spirally; in others, again, both 
modes of arrangement are found. It is a characteristic feature 
that the vaiflous series of leaves (especially calyx and corolla) are 
not so distinct or so sharply divided as is usual. The leaves of the 
perianth are fi^ee, imbricate (except Glematidem) ; stamens mtinerous, 
with most frequently extrorse anthers ; gynoeceum free, apocarpotis 
(except and partly BLellehorus) , with I or several ovules 

(Figs. 373 , 378, 379) borne on the ventral suture. The fruit is 



POLTCARPIC^. 379 

either a nut or a follicle {Actma has herries). The seed has a large, 
oil-containing endosperm and a small embryo (Fig. 874). 

The main axis generally terminates in a flower, and the lateral axes hraneh 
in a cymose manner (Fig. 371). The flowers show the following differences in 
eonsti notion: verticillate (eucyclic), i.e. constructed all through of alt -mating 
whorls: Aquilegia (Fig. 370), Xa^horUza, mA EmnthU. Semi- 

verticillate (bemicyclic) 'he. with sepals and petals in alternate whorls, and 
the others arranged spirally : Mijosums, Pceonia and 

several other genera entirely, or in certain species only. Spiral-flowered 
(acyclic) i.e. all the leaves are arranged spirally, so that sepals and petals do 
not alternate the one with the other, even though they are the same in number : 
Adonis (Fig. 372), Acmjtmn, Delphijtiim-s,^ecieB, Nigella-Bpedes, Hellehorus. 
The leaves of the calyx are in this instance arranged on a spiral of | ; those of 
the corolla on f, or and stamens and carpels likewise on higher 

fractions of the same series. 

The genera € a It ha, Anemone, Thalictrim and Clematis have a single perianth, 
which is most frequently petaloid ; it is thus apparent that the sepals are 
petaloid, and the leaves, which in other genera have developed as petals, are in 
these instances stamens. The calyx is similarly petaloid in the genera Hellehorns, 
Eranthis, Nigella, Delphinium and Aconitum ; bnt the petals are present in these 
instances in unusual (horn-like) forms, and almost entirely given up to the 
function of nectaries, a function they already possess in Ranunculus. According 
to a more recent theory the “ honey -leaves ” are transformed stamens, which 
have lost the function of reproduction; the perianth is then single, and most 
frequently petaloid. [Those leaves in the flowers of many Eanunculac^se 
which bear nectaries are termed by Prantl honey-leaves, and comprise those 
leaf-structures of the flower whose essential function lies in the production 
of nectar, and which, independent of the differentiation of the perianth into 
calyx and corolla, are derived from the stamens by the loss of their reproductive^ 
functions. Clear transitional forms are found between the two series of the 
perianth (e.g. between the sepaloid and petaloid perianth-leaves of Anemone 
japonica, A. deeapetala, TroUius-BpeGies) while transitional forms are never 
found between perianth- and honey -leaves (with the exceptiou of Aquilcgia 
vulgaris, var. stellata). In Anemone and Clematis the honey -leaves pass 
gradually into the stamens,’ and agree with the stamens in the other Eanun- 
culacesB in their arrangement, development, and scant system of veins (except 
Nigella). In Delphinium, sect. ConsoUda, the two honey-leaves placed in front 
of the unpaired perianth-leaf are united into one, as shown by the veins (twice 
three veins arranged symmetrically). The honey-leaves of Aquilegla, Cullian- 
themmn, and the majority of the Ranunculus-speGies serve, by reason of their 
large circumference, as organs of attraction, and on this account are considered 
as petals by other authors. — The same position in the flower which the 
honey-leaves assume is found occupied by staminodes, without nectar, in some 
0)p/i&'-species, in Anemonopsis, AcUea sect. Euact(ea,ie,g. A. raceviosa), Clematis 
sect. Atragene ; in the last-named they closely surround the stamens, in Actma 
they are petaloid. — A perianth, sharply differentiated into calyx and corolla, 
and destitute of honey -leaves, is found in Anemone, sect. Knoivltonia (Cape), 
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Adonis, Pi^ovia.—The perianth of the Banunculace® is considered by Prantl 
to be iisnally petaloid. — The nectaries arise in the Ranuntulacese (1) on 
stamens (Clematis sect. Viorna), (2) on the h- ney-leaves (this is 
generally the case), and (3) on the carpels (Caltha and the majority of Trollius- 
species). — As the result of his researches upon the Ranuuculaceas, Prantl 
does not agree with the view advanced by Drude (Schenk, Hand, d, Bot. iii.) 
that the petals in general have proceeded from the metamorphosis of the 
stamens (A")] . 


Fig. 373. — Ov'aries in longitudinal section: u the ventral suture; d the dorsal suture ; 
A, B Clematis; C Ranunculus ; D Mijosiirus, 

The most primitive form of fruit is undoubtedly the pod formed by one carpel, 
on the edges of which (along the ventral suture) two rows of ovules are situated : 
Pieonie^e, Helleboreie, Delphinieae (Fig. 379). In a great many genera the 
number of ovules has been limited to , one perfect one, which is placed in the 
central plane under the united leaf -edges, and sometimes also some barren 
ovules above it (Fig. 373). The fruitlets in this case become aehenes, and 
are present in much larger numbers than when there are follicles. 






Fig. 374.-- HeUsbonts mger : A flower j JB receptacle ; pet petals Fig, S7S,~Caltha 

(honey-leaves); pi stameus and carpels ; C seed ; I) anther (cross palustrU: fruit. 
section) ; all endosperm. 

The following have ^oUjIQLfsv Fmoniem^ HeUehorem (except 
Act&ea) and Belphimem ; Achenes : Rcmunmlem, Anemonem and 
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A. Follicles (Figs. 375, 379), with ihanj ovules, situated in 
two rows along tlie ventral suture. Actm hQ.s henies^ Uigella lias 
capsules of several loculi. 

I. PiEONiEJj, Peony Group. This has regular, acyclic flowers 
with a normal, most frequently 5-leaved, imbricate calyx ; large, 
coloured petals, and 

Slightly perigynous. J 

base of the carpels I' 

a ring-like, swelling 
of t^he^^receptacle 

follicles are more ' 

herbs, with pinnati- g 

sect or decompound Yi 6 . S76.—AquiUgia vulgaris, 

leaves and large, 

solitary flowers ; a gradual transition may be traced from the 
foliage-leaves to the petals. Faeoma;, Hydrastis. 

2 .*^ Helleborej}, Hellebore Group. This has regular flowers with 
most frequently a coloured 
calyx. The petals (honey- 
leaves) are modified into 
necfcaries ; they may be horn- B 

like, provided with a spur, or || I 

of a similarly unusual form, • i| 
or they may .be entirely ab- 

sent. Anthers often extrorse. ^KJ|L 

— Trollius (Globe-flower^). - 

The flower is acyclic: many mto 


1 According to Prantl, some 
species of Trollius {T, eiiropaus, 
and asiatiacus) have a perianth, 
differentiated into calyx and cor- 
olla, which does not pass over into 
the honey-leaves. The outer leaves 
of the perianth have frequently an 
incised apex, the intermediate ones 


Fia. 877 — CftltTia jjalusf n*s (nat. size)* 
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petaloid sepals, succeeding these, most frequently, several linear, 
dark yellow petals, which bear a naked nectary at the base; 
finally, many stamens and carpels arranged in a spiral (f, /y). — 
Caltha (Marsh-marigold, Figs. 375, 377); 5 (-7) yellow sepals, 
no petals. The foliage-leaves have a large amplexicaiil sheath. — 
Hellehorous (Hellebore) has pedate leaves. The flower is acyclic, 
with 5 large, regular, persistent, often petaloid sepals (|) ; small, 
hornlike petals (honey-leaves ; most frequently 13, divergence 
and generally few carpels (Fig. 374). — Coptis . — Isopyrnm . — 
iEjmnthis (Winter Aconite), like A^iemone, has a 3-leaved invo- 
lucre and most frequently trimerous dowers, 6 large petaloid sepals, 
G petals (tubular honey-leaves), 6 oblique rows of stamens, 3-6 carpels. 
Aqidlegici (Columbine, Fig. 376) ; the flower is entirely cyclic 


Pig. S78.-—Nigella: A,JB fruit of jV, damasGena, entire, and cut, transversely, C Petal 
(honey-leaf) of N. arvensis. D Petal of jV. damascena. 

and has large spurs on all the 5 petals (funnel-shaped honey- 
leaves); So coloured, P5, A5 x (8-12), G5 in regular alternation 
(Figs. 376, 370) ; the innermost stamens are often staminodes 
(Fig. 370).— WiyeZZa (Love-in-the-mist, Fig. 378) has 5 sepals 
and 8 small, twodipped petals cleft at the' apex (the nectary is 
covered by the under-lip; Fig. 378 <7, H), The 5 carpels, are 
more or less completely united; and a many-carpellate ovary 
with free styles is formed in some. Large air-chambers in the 
external wall of the ovary are formed in N. damascena (Fig. 378). 
— Achm (Baneberry) has coloured sepals, either no petals or an 

sometimes present transitional forms to the inner, and sometimes there is a 
distinct boundary between them. 
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indefinite number, and only J. carpel, due irnic is a Deny tor 
follicle). — Gimicifufja, Oaridella, Xanthorhim (S5, P5, Ao+5, G5). 

3, Dklphiniej:, Laekspue Group. Zygomorpliic flowers with 
coloured calyx ; the 2 posterior petals (honey-leaves) are trans- 
formed into nectaries, the othera are small or absent altogether. — 
Acrmitum (Monkshood) ; 5 sepals, of which the posterior one (Fig. 
379 d) is helmet-shaped ; most frequently 8 petals (as in Pig. 372), 
of which the two posterior ones (honey-leaves) are developed into 
long-olawed nectaries (Pig. 379 A, k) enveloped by the helmet-like 
sepal; the others are small, or are to some extent suppressed. 
Stamens on a spiral of fi’s ; generally 3 carpels. Perennial herbs.— 
Delphinium (Larkspur) ; very closely allied to Aconitmn, but the 
anterior 4 petals are most frequently wanting, and the 2 posterior 
ones have each a spur, which 
is enclosed by the posterim- 

sepal, the latter being also ) ( 

provided with a membranoxis //^\ 

spur. Stamens and carpels ar- /fii' 

ranged on a spiral of 5 V I 

In V. aja-ds and consoUda there is ^ “ 

apparently only 1 petal (by the gj 

fusion of 4) and 1 carpel. ) & ^4 

B. Fruit achenes. Many 

carpels, each with only 1 | f 'y ^ 

ascending (Pig. 373 0), or /I f 

pendulous (Pig- 373 D),' per- ‘ ^ 

feet ovule ; often also rudi- C 

raentary ovules above it (Pig. ^ Slower ia 

373 A, B). Fruit achenes. iongitudm«l section, below are the 2 bracteoles^ 

4. E/ANUNCULli:-®, Butter- a half of lielmet*like sepal ; h and c other 

CUP Group, has double pen- C the same traLSveraely ; 

antb. Myosurus and .rldo?MS have ^ dorsal suture ; v ventral suture. 

pendulous ovules as in Anemonese . 4 . iv^cr 07‘1 

Fic^. 373 D ) ; Banunculus, with Batrachium and Ficana, erect ovules (Fig.^./d 6 ) 

and°downwardly.turnedradicle.-Ka««»c«ltts. Most 

many spirally-placed stamens and carpels (Figs. 380). the 
petals (honey-leaves) have a nectary at the base, covered by a sma 
Lale. Batrackir.., Water Bannnculns, deviates hy the 

verselv wrinkled; dimorphic leaves. f-fcariahasSsepalsand 7-8 petals ananged 
in P-l F. ranmculoides (the only species) has tuberous roots, 

duction. The embryo has only 1 cotyledon.-M^" (Mouse-tail) 




small prolongations from the 5 sepals ; 5 narrow petals which hear 
the nectaries near the apex ; sometimes only 5 stamens, and an 

ultimately very long' recep- 
tacle, with numerous spirally- 
arranged achenes (Fig. 381).— 
Adonis is acyclic (Fig. 372) ; 
most frequently 5 sepals with 
a divergence of f, 8 petals of 
f , indefinite stamens and cai*- 
pels of I or -/v* The corolla 
has no nectary. 

5. , A^^EMONEiE, ' ' Anemone ' 
Group, has a single perianth. 
(Pendulous ovules (Fig. 373 D), radicle turned upward) — A^iemone has a 
single, petaloid, most frequently 5~6-leaved perianth, and beneath 
the flower most frequently an involucre of 3 leaves^ placed close 
together in the form of a whorl. In A. nemorosa^ ranunculoides^ 
etc., the involucral leaves resemble foliage-leaves; in A. Iie;patica 


Fig. 380.— Flower of Ranunculus sceleratus 
in longitudinal section. 


Fig. 381.— Myosurws minimus t c cotyledons ; m the foliage-leaves j f the floral axis 
with the carpels, and g the same without} y insertion of perianth. 

they are situated close under the perianth, and resemble sepals, 
and in the sub-genus Pulsatilla they stand between the foliage- 
leaves and floral-leaveSf The style of Pulsatilla finally grows out 
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in the form of a feather. The main axis of A. /iejntica has unlimited 
growth (it is biaxial), and the flowers are borne laterally in the axils of the 
scale-leaves ; in the others (uniaxial) the flower is terminal, and the rhizome 
becomes a sympodium after the first i^owering.^^'halzctrnm (Meadow 
Bne) has no involucre; 4-5-leaved, greenish perianth. The re- 
eeptacle is flat. The stamens are brightly-coloured and have long filaments'^; 
1-5 accessory flowers may occur in the leaf-axils of the panicle-like infiorescence. 

6. Clematideje, CLE.wris G-eoup. This differs from all the 
others in the valvate asstivation of the calyx and its opposite leaves. 
There are 4 (-several) petaloid sepals ; petals ai^e absent, or 
linear {Atragene). Ovule 1, pendulous. Achenes, often with 
prolonged, feathery style. The majority of the genera are shrubs, 
and climb by their sensitive, twining leaf-stalks. — Clematis ; 
Atmgene. 

Pollination. The flowers are conspicuous either by coloured petals (honey- 
leaves) {Ranunculus, Pcsonia) or coloured sepals {Hellehorvs, Anemone, Caltha, 
etc.), or by both {Aquilegia, Delphinium), or by the coloured stamens {'HkiUc- 
trum). Some have no honey {Clematis, Anemone, Thalictrum), and are gener- 
ally visited by insects for the sake of their pollen. Others have nectaries 
on the corolla {Ranunculus, TrolUus, Hellehorus, Nigella, Aconitum, etc.), 
more rarely on the stamens {Pulsatilla, Clematis-Bpecies), or the carpels 
{Caltha), or the calyx (certain species of Pcsonia), The honey is readily 
accessible in the flat, open flowers, and these flowers also may easily pollinate 
themselves. There is marked protandry where the honey lies deeply hidden, as 
in Aquilegia, Delphinium, and Aconitum, Hellehorus and some Ranunculus- 
species are protogynous. 

About 680 species ; especially in northern temperate climates, and extending 
to the Polar and Alpine regions. Only the Clematidece are tropical. 

The order has an abundance of acrid, vesicant properties (JK. acer, sceleratiis, 
etc.), and pnisorious alkaloids {Hellehorus niger is poisonous). Officinal: 
Aconitum napeUus (aconitine; leaves and tuberous roots); the rhizome of 
Hydrastis canadensis from N. Am. (the alkaloid hydrastine). The order, how- 
ever, is best known for its ornamental plants ; almost ail the genera have 
species which are cultivated for their beauty. Sweet-scented flowers are 
absent. 

Order 2. Nymphaeacese (Water Lilies), Water Plants; 
generally with large, floating leaves, and large solitary flowers ; 
sepals 3-5, petals 3- OO, stamens 6- CX), carpels 3- oo. The flower 
is hypogynous, but in the Nymphseese different degrees of epigyny 
are found, and from this fact, as well as from the carpels being 
- united into one pistil, the family forms a lateral offshoot from 
the Ranunculace 90 , with much greater modification. The seed 
often has an aril, and, in the majority, a farinaceous nutritive 

w. B. CO 





PxG. 382 ; — Nelumbo micifera : vertical section 
through the receptacle. 
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tissne, partly endosperm, partly perisperm (Fig. 383 0). The 
embryo lias 2 thick cotyledons and a small hypocotyl ; the 
plumule is well developed, witli 2-4 leaves. 


1. Caeombe^. 3-4 species (Tropical S. Am.), resembling the Water 
Banuneulus, with two kinds of leaves, the submerged being dissected and the 
aerial peltate. The flowers are encyclic, trimerous, with 2-3 free, epigynous 
carpels. The ovules are situated on the central line of the carpel— an almost 
unique circumstance. Endosperm and perisperm. Cabomha; Brasenia, 


2. iSTELUMBOisEJi. The leaves are raised on long stalks 

high above the water. liypogynoits flowers (Fig. 382); 

sepals 4-5 ; petals numerous ; stamens numerous ; carpels several^ 
distinct. The receptacle is very remarkable, being raised above 
the stamens, and developed into an inverted conical body on 

the apex of which the nut- 


like fi-nits are embedded in 
pits. ^Endosperm is wanting^ 
but the embryo is large and 
has wmll developed cotyledons. 
— Nelumbo, 2 species. N. hitea (N. 
Am.) ; iV. speciosa (E. Ind.) was 
sacred amongst the ancient Hindoos 
and Egyptians (the Lotus flower); 
its seeds are used as food. 


3. ' ” NyMPH2EE^, ■ WATER' 
Group. The carpels are anited 
into one, many-lpctdar pva/ry, 
whose numerous ovules are 
situated on the surface of the 
partition walls (as in the Pop- 
pies) ; the stigma is sessile 
and radiating, the number of rays corresponding to the number 
of carpels (Fig. 383). The fruit is a spongy berry with many 
seeds, which have a large perisperm in addition to the endosperm 
(Fig. 3S3 G). 

Sepals, petals, and stamens often pass gradually over the one 
into the other, the petals becoming nai*rower by degrees, and 
bearing anthers on each side of the apex, which gradually become 
larger anthers in proportion to the filament, until the perfect 
stamen is developed. The long-stalked leaves are floating, and 
most frequently cordate, elliptical, leathery, with a shiny surface, 
sometimes (as ,in, Victoria regia and Bury ale ferox) with strongly 
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projecting thorny ribs on the iower surface. In the intercelialar 
passages of the leaves are some peculiar, stellate cells. 

Nujplmr has 5 sepals, and an hy^ogynoiis flower. The petals, which 
are small, have a nectary on the back; the coloured inner side of the sepals 
f unctions as petals ; the ovate gynoeceum is quite free. — N. luteum is a native 
plant (Yellow Water-Lily), with, most frequently, 13 petals and 10-16 loculi in 
the ovary. The rhizome is horizontal, as much as 5-6 cm. in thickness, and 
bears on its under surface a number of roots, which on djing-off leave deep 
scars ; the leaves are borne in spiral lines, and the flowers are solitary in 
certain leaf-axils. The construction of the rhizome is very peculiar; the 
vascular bundles are scattered and closed as in a monocotyledonous stem. 


Pig. 383.™JSri/nip7icEa; A flower in longitudinal section, the most external leaves being 
removed ; B fruit ; G seed of Nuphar (longitudinal section) ; the perisperm at the base, 
the endosperm an the top surrounding the embryo. 

Nymphma lias 4 sepals, and the flower is more or less epigy- 
nous. Petals and stamens are inserted at different heights on the 
ovary to just beneath the stigma (Fig. 383). Nymphm alha (White 
Water-Lily). Victoria regia from the Amazon, and Uuryale ferox 
from Asia, have entirely epigynous flowers. The shield-like leaves of 
Victoria are as much as 2 metres in diameter, and the edge is bent up to a 
height of 5-14 cm.; the flowers are 20-40 cm; in diameter, and change in 
twenty- four hours from white to rose-red. A development of heat, as much as 
14°0. above the temperature of the air, together with a strong formation of 
carbonic acid, has been observed during flowering. 

PoiiLiNATioN. Nymphcea alba and other species of the sub-genus Symphy- 
toplmra are self-pollinated ; the sub-genus Leptopleura is insect-pollinated. 
Nuphar and Victoria can effect self-fertilisation,; Bury ale m self-fertilised, often 
in entirely closed and submerged flowers. — The dissemination of the seeds in 
Nuphar luteum is effected by the fruit, which rests on, the water, becoming de- 
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taelied from its stalk, and , dehiscing from the base upwards so that the seeds are 
set free ; while in Nymph<sa alba the spirally-twisted stalk draws the fruit under 
water, and it dehisces by its upper part being thrown off as a hood, and the 
seeds which are enclosed in air-tight sacs rise to the surface of the water. In 
this condition they are able to float and can only sink to the bottom when the 
air has disappeared. 

53 species ; in fresh water in all parts of the world, but especially in the 
Tropics. — The rhizomes and seeds* of some may be used as food ; Euryale ferox 
is even cultivated. Nymphcsa cmilea and Lotus were sacred among the 
Egyptians. 

Order 3. Ceratophyllacese. About 3 species. Aquatic 
plants, submerged, rootless ; leaves cartilaginous, vertunllate, dis- 
sected into repeatedly dichotomous brairches which are finely 
toothed ; only one of the leaves in a whorl supports a vegetative 
branch. The flowers are monoecious^ axillary. Inside the 6~T2 
perianth -leaves is .situated in the -flower 10-20 stamens with 
thick connective, and in the ? -flower a gynoeceum formed by 
one carpel, with one orthotropous and pendulous ovule, which has 
only one integument. Fruit a nut, which, in some species, bears 
on each side a pointed horn, and at the apex a similar one, formed 
by the persistent style, — The embryo has an unusually well de- 
veloped plumule with several whorls of leaves. The plant is root- 
less throughout its whole life. — Ceratophyllum (Horn- wort). 

Order 4. Anonacese. Sepals 3; petals 3+3 (most frequently valvate); 
succeeding these (as in the Eanunculaceco) are numerous acyclic stamens and an 
apocarpous gynoeceum ; the flowers are hypogynous, regular and g , generally 
very large (2-3 cm. in diameter), and the leaves of the perianth are more or less 
fleshy or leathery. The majority have syncarps with berry-like fruitlets, but 
in Anona and some others the carpels fuse together into a large, head-like fruit 
—a kind of composite berry. The seeds have ruminate endosperm as in 
Myristica. — Trees or shrubs with alternate, simple, entire, penninerved leaves 
without stipules. 450 (700 ?) species ; especially tropical. The best known are 
Anona cherimolia, squamosa and reticulata (all from America) cultivated on 
account of their large, delicious fruits. Some have acrid and aromatic pro- 
perties [Xylopia, Cananga — the flowers of the latter yield Ylang-ylang) ; 
Artahotrys odoratissima ; Asimina (N. Am.), 

Order 5. Magnoliacese. Trees or shrubs with scattered, often leathery, 
entire leaves, generally with stipules, which (as in Fic 2 i 8 ) are rolled together and 
form a hood round the younger internodes above them, and are cast off by the 
unfolding of the next leaf, leaving a ring-like scar. The endosperm is not 
ruminate. Corolla imbricate. Fruit a syncarp. 

A. MAGNOLiEiB. The flowers are borne singly, and before opening are en-. 
veloped in an ochrea-like spathe which corresponds to the stipules of the foliage- 
leaves. The perianth generally consists of 3 trimerous whorls, the external one 
of which is sometimes ! sepaldid (Liriodendron, and the of Magnolia-^ 
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Fie. 384.-Diagram of Serleni. Fie. 38S.-Bei-beris : carpel with 3 stamens. 

ilocular carpel ; the corolla and stamens have each 2 whorls, 
calyx at least 2. The anthers- open, as in Lanraceffl, by 
valves, but are al-ways introrse (Fig. 384). The pistil has 
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a large, disc-like, almost sessile stigma (Fig. 385), and in the ovary 
several ereot ovules are placed close to the base of the ventral 
siitnre. The fruit is most frequently a Seeds endosper- 

mous. — Shrubs or herbs with scattered, most frequently compound 
leaves (without stipules), and racemose inflorescences.-— They show a 
relationship to the Laurace^e in the number of the parts of the flower and the 
dehiscence of the anthers. 

Berberis is a shrub ; it has sepals 3 + 3, petals 3 + 3, stamens 3 + 3 
(Fig. 384). The petals (honey-leaves) bear internally at the 
base 2 darkish -yellow nectaries. The filaments axe sensitive 
at the base, and suddenly bend inw^ards if touched at that spot 
(Fig. 385). The racemes often have a terminal, 5-merous flower; they are 
borne on dwarf -branches. The leaves on the long-branches develops into 
tborns, but the buds in their axils, in the same year as themselves, develope as 
the short -branches with simple foliage-leaves, articulated at the base, from 
which fact some authorities have considered that the leaf is compound with a 
single, terminal leaflet.- — Mahonia has imparipinnate leaves. The 
flower has 3 whorls of sepals. Otherwise as in Berberis , — 
JSpimedium ; herbs with spurred petals ; the flowers dimerous ; 4-5 whorls of 
sepals, 2 of petals and stamens. Fruit a capsule. Leonti ce, fxmt dry. The 
anthers oi Podophylhim dehisce loxigitudinallj. — Nandina, Acerantlms. 

100 species; North temp., especially Asia: fossils in Tertiary, Berberis 
vulgaris is a native of Enrope, This and other species, together Y^iih Mahonia 
aquifoliuni (N. Am.), Bpimedium alpimm, etc., are cultivated as ornamental 
plants. Several have a yellow colouring matter in the root and stem. 
Officinal : the rhizome of Podophyllum peliatam (from N. Am.) yields podo- 
phylliu. , 

Order 9. Menispermacese. This order has derived its name from the 
more or less crescent-like fruits and seeds. Dioecious. The flowers are 2-3- 
merous, most frequently as in Berberis (S3 -h 3, P3 -f 3, A3 -f 3), with the 
diflerence that there are 3 free carpels, each with 1 ovule; in some genera, 
however, the number is different. Stamens often united into a bundle (as in 
Myristica) ; anthers dehiscing longitudinally ; fruit a drupe. — The plants (with 
herbaceous or woody stems) belonging to this order are nearly all twining or 
climbing plants, and have scattered, palmate or peltate, sometimes lobed leaves 
without stipules. Structure of stem anomalous. Coccuhis, Menispermum, 
Cissampelos, Anamirta, 

150 species; Tropical; very rich in bitter and poisonous properties.. Offi- 
cinal: Calumba-root from Jateorhiza columha {E. AMcai). The following are 
cultivated as ornamental plants '.--^Menispermum canadense (N. Am.) and M. 
dahuricnm (Asia). The fruits of Anamirta cocculus (E. Ind.) are very poisonous 
(“ Grains-of -Paradise ; the poisonous matter is picrotoxine). 

Order 10. Lardizabalaceae. This order, by the free, apocarpous carpels, 
belongs to a more primitive type, and by the united stamens to a more developed 
one. Akebia*, Eolbmllia; principally climbing or twining shrubs. About 7 
species in S.E, Asia, and B, Am. 
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Order 11. Laurace^ (True Laurels). Trees or slirubs ; 
tlie leaves, always without stipules, are simple, most frequently 
scattered, lanceolate or elliptical, entire, peuninerved, finely reti- 
culate (except Cinnamomum wdtli 3~5-vemed leaf), leatliery and 
evergreen (except, e.g. Cinnamomum) ; they are frequently studded 
with clear glands containing volatile oil. The fio^vers are borne in 
panicles and are small and of a greenish or whitish colour. They 
are r^gidar, perigynous, with most frequently a bowl or cup-shaped 
receptacle (Fig. 386), usually ^ ? and trimerous (rarely dimerous) 
through all (most frequently 6-7) Avhorls ; viz. most frequently, 
perianth 2 whorls, stamens 3-4 and carpels 1 (P3 + 3, A3-|-3-f 3 
+ 3, G3) in regular alternation (Fig. 387). Each of the 2 or 4 
loculi of the anthers open by an upivardly directed valve (Fig. 386) ; 
of the stamens, the 2 outermost wliorls are generally introrse, 


Pig. 386.— Flower of the Oinna- Fig. 387. — Typical dia- Pig. 388. — Laurm 

mon-tree (Oinnamo 7 iiiifn neylmvi- gram of the Lauracece; nohilis t longitadinal 
cam) (longitudinal section). g staminodes, .section of fruit. 

the others extrorse, or l—S whorls are developed as staminodes 
(Fig. 387 p). The gynoeceum has 1 loculus with 1 style and 1 
pendulous ovule (Fig. 386), and may be considered as formed of 3 
carpels. The fruit is a berry (E’ig, 388) or drupe., which often is 
surrounded at its base by the persistent receptacle (as an acorn by 
its cup ale), which becomes fleshy and sometimes coloured duiung 
the ripening of the fruit. The embryo has 2 thick cotyledons, but 
no endosperm (Fig. 388). 

The LauracesB present affinities with the Polygonaoese, in which there is found 
perigyny, as well as a similar number of parts in the flower and a similar 
gyncecenm, but with erect and orthotropous ovule. Trom their general charac- 
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by the sijnearjjom gynoeceum, if it is in reality’ formed by 3 carpels and not by 1 
only. Htrnandia, which has epigynous monoecious flowers, deviates most.— 
Ciiiisi/t/ia is a CMscMia-like, herbaceous, slightly green parasite with twining, 
almost leafless stems. The flower however agrees with the diagram in Fig. 387. 
Some Laurace^e have curved veins or palminerved and lobed leaves (often 
together with entire ones) e.g. Sassafras, 

There are 1000 species ; especially in the forests of tropical S. America and 
Asia, of which they form the principal part. Only Lauras nohilis is found in 
Europe, and there is little doubt that its proper home is in Western Asia. 


They are rare in Africa. — On account of the volatile oil found in all parts of the 
plant, they are used as spices, e,g, the false Cinnamon-tree (Dicypellium cargo- 
phyllatim, in the Brazils). The officinal ones are—the Cinnamon-tree ( Ciiina- 
momum zeylanicum from Ceylon, E. India, Eastern Asia), which is also culti- 
vated ; the Camphor-tree (Cinnamomum campJiora, Eastern Asia). The Laurel- 
tree [Lauras nohilis, Mediterranean), the berries and leaves of which give 
laurel oil, is medicinal, — Scented wood for furniture, etc., is obtained from 
Sassafras officinalis (front N., Am.). The wood from its roots is oflieinal. 
Pichurim beans are the Ikrge cotyledons of Nectandra pichury, whilst the 
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famous “Greenheart” wood of Demarara is the wood of Nectandra rodhei. 
The pulp and seeds contain a fatty oil. The pear-like fruit of Penea 
gratUsima (Mexico, also cultivated) is very delicious. Linde ra benzoin is a 
garden shrub ; Laiirus nobilis likewise. 

Order 12. Myristicaceae (Nutmegs), In this, order there is only 1 
genus, Myristica* Trees or shrubs. The leaves agree closely with those of 
the Lauraceie, with which this order has many points in common. The 
majority of the species are aromatic, having in their vegetative parts pellucid 
glands with volatile oils. The flowers are regular, dicecious, trimerous, and 
have a single gamophyllous (cupular or campanulate) 3- toothed, fleshy perianth. 
In the (? -flowers the anthers vary in number (3-15), and they are extrorse 
and borne on a centrally-placed column ; in the 9 -flower the gynceeeum 
is unilocular, unicarpellary, with 1 ovule. The fbuit (Fig. 389) has the form 
of a pear ; it is a fleshy, yellow capsule, which opens along the ventral and 
dorsal sutures, exposing the large seed. This seed has a large, red, irregularly 
branched aril — the so-called “ mace ” ; the “ nutmeg,” on the other hand, is 
the seed itself with the inner thin portion of the testa, which has pushed its way 
irregularly into the endosperm, and causes the marbled appearance of the cut 
seed (Fig. 390) ; the external, dark brown, hard, and brittle part of the seed- 
shell is however removed. Mace and nutmeg contain volatile and fatty oils in 
abundance. — 80 species. Tropical. The majority are used on account of their 
aromatic seeds and aril, the most important being M.fragrans {moschata)^ from 
the Moluccas. This is cultivated in special plantations, not only in its native 
home, but in other tropical countries also. Nutmegs were known as com- 
modities in Europe in very ancient times {e.g, by the Bomans), but it was not 
until the year 1500 that the tree itself was known. The seed is officinal. 

Family 10. Rhoeadinae. 

The plants belonging to this family are almost exclusively her- 
baceous, with scattered, exstipulate leaves. The flowers are eueyclic 
cli- or tetra-merons, with the calyx and corolla deciduous, hypogynous^ 
5 , regular, the gjnodcenm with 2-several carpels (generally 2, trans- 
versely placed (Figs. 391, 392, 393, 397). The ovary is unilocular 
ivith parietal placentm, but in Cruciferm and a few others it becomes 
bilocular by the development of 2 b false, membranous wall between 
the placentae. The stigmas in the majority of cases ai*e commis- 
sural, i.e. they stand above the placentae, and not above the dorsal 
line of the carpels. The fruit is nearly always a capsule, which 
opens by the middle portions of the carpels detaching themselves 
as valves, bearing no seed, whilst the placentae persist as the 
seed-bearing frame. Endosperm is found in Fapaveracem and 
Fumariaceae, but is absent in Oruciferae and Gapparidacem. — This 
family through the Papaveracese is related to the Polycarpicse (the Nympha^aeece), 
through the Capparidaceaa to the Besedacese in the next family. 

Exceptions to the above are : Eschscholtzia, Bubtilaria (Fig. 403) and a few 
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Capparidace®, in which perigynous flowers are found. A f Papaveracec^ and 
Fumariaceffi have trimerous flowers. In and certain Crucifer®, the 

fruit is a nut. The Fumariace® have zygomorphic flowers. Trees and shrubs 
are almost entirely confined to the Capparidaee®, in which order stipules also 
are found. 

Order 1. Papaverace^ (Poppies) . Herbaceous plants with 
stiff hairs and latex \ flowers regular (¥ig. 391) with generally 2 
(-3) sepals (which fall off as the flower opens), 2 + 2 petals (im- 
bricate and crumpled in the bud) loithout spur, numeroiis stamens m 
seveml alternating wjiorls (generally a multiple of 2) ; carpels 2~ 
several, united into a unilocular gynoeceum. Trimerous flowers 
also occur. Capsule with very numerous seeds on the parietal 
placentee; embryo small, with large, oleaginous emdosperm (Fig. 
392). — The leaves have no stipules and are generally pinnately 


Fig. 391. — A Diagram of the flower of Fig. 39'2.—Fa'paver somnlfcrmi : A cap- 

Glaucimn and the dichasium (which siiie ; st the stigma ; u valves; pores ; 

becomes transformed into a scorpioid B seed in longitudinal section ; aZb endo- 

cyme). B Pnpaver argcmone, transverse sperm ; emh embryo, 

section of the ovary with indication of , 

the position of the stigmas, 

Fapaver (Poppy) has large, solitary, terminal flowers ; petals 
firmly and irregularly folded in aestivation ; gyiioeceum formed by 
many (4-15) carpels ; stigmas velvety, sessile and stellate (the rays 
stand above the placentae) (Fig. 391 B). The edges of the carpels 
project deeply into the ovary, but do not meet in the centre, so 
that it remains unilocular. The capsule opens by pores placed 
close beneath the stigma, and formed of small valves alternating 
with the placentae and the rays of the stigma (Fig. 391) . P. duhium, 
P. argemone, P. rhmas.- — Chelidonium (Greater Celandine) has 
yelloiv latex, flowers in umbellate cymes (the terminal, central flower 
opening flrSt) and only 2 cai^pels ; the fruit resembles the siliqua 
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of the Craciferi© in having two barren valves, whicli are detached 
from the base upwards, and a seed-hearing frame, but there is no 
partition wall formed between the placentse. Ch, majiis,~-The 
majority of the other genera have, like CheHdonium, 2 carpels (lateral and alter- 
nating with the sepals : Fig. 391 A) and siliqua-like fruit, thus : EschscJigltzia 
(perigynous) with a linear, stigma-bearing prolongation extending as far above 
tlie"plaeerits3 as above the dorsal suture of the carpels ; Glaucium (Horn-Poppy) ; 
G, liiteum, whose extremely long, thin capsule differs from that of Chelidnnuim 
by the formation, during ripening, of a thick, spongy { false) replum, whic-h 
persists when the valves are detached ; Sanguinaria with red latex, the *2 petals 
divided into 8-12 small petals (perhaps by dedoublement) ; Machija and 
Bocconia (1- seeded capsule) with 2 sepals and no petals. — Trimerous dowers 
are found in Argemone and Platystemon (with a curious fruit, carpels free, and 
transversely divided and constricted into joints which separate as nut-like por- 
tions).— il/£iconops/..s . — Hypecomii (Fig. 393 C) has tri-lobed and three cleft petals, 
4 free stamens with 4-loeular anthers and a jointed siliqua; it presents a tran- 
sitional form to the Fumariaceas, with which order it is sometimes included. 

Pollination. Papaoer and Chelidoniim have no honey, and are without 
doubt only visited by insects for the sake of the pollen. The anthers and 
stigmas mature about the same time. — There are 80 species ; especially from 
warm climates. Officinal : Papaver somnifemm (Opinm-I^oppy) ; the latex 
of its unripe capsules is obtained by incisions, and dried {opimn) ; it contains 
many alkaloids: morphine, papaverine, narootine, thebaine, etc. The oleaginous 
seeds are also used in the manufacture of oil. Its home is in the East, where 
it is extensively cultivated. The petals of the Corn-poppy (P. rlnms) are also 
officinal. Several species are cultivated as ornamental plants. 

Order 2. Fumariacse (Fumitories). This order differs from 
the closely allied Papaveraceos in the absence of latex, a poorer 
flower, generally trails cersely zygomorphio (Pig. 393 B), in which 
case one or both of the outer lateral petals are gibbous, or pro- 
longed into a spur; the stamens are especially anomalous. Sepals 
2, caducous ; petals 2 + 2 ; stamens 2, tripartite ; each lateral anther 
is Uloctilar (Pigs. 393 A, B ; 395) ; gynoeceum bicarpellate. 
The fruit is a nut or siliqua-like capsule. JBndosperm, — Herhs with 
scattered, repeatedly pinnately-divided leaves without stipules, 
generally quite glabrous and glaucous ; the flowers are an^anged 
in racemes with subtending bracts, but the bracteoles are some- 
times suppressed. 

Biceutra (syn. Bielytra) and Adlumia have a doubly symmet- 
rical flower, with a spur or gibbous swelling at the base of 
each of the laterally- placed petals (Figs. 393 A, 394). Oorydalis 
has a zygomorphic flower, only one of the laiteral petals having a 
spur, and consequently there is only one nectary at the base of the 
bundle of stamens, which stands right in front of the spur (Pig. 
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B, 395, 396). The fruit is a many-seeded siliqua-like capsule. 
A peculiarity of the flower is that the plane of symmetry passes transversely 
through the flowers, whilst in nearly all other zygomorphic flowers it lies in 
the median line. Moreover, the flower is turned, so that the plane of symmetry 
ultimately becomes nearly vertical, and the spur is directed backwards. — Many 
species have subterranean tubers; in these the embryo germinates with one 


Fig, 393.— Diagram of Dicentra (A), Oorydalis {B), and Hypecoum (C). 

cotyledon, which is lanceolate and resembles a foliage-leaf. The tuber is in 
some the swollen hypocotyl (C. cara), in others a swollen root {C. fabacea, 
etc.), which grows down through the precisely similar swollen root of the 
mother-plant. The sub-genus Ceratocapnos has dimorphic fruits (nuts and 
capsules) in the same raceme. Fumarla di:ffers from Gorydalis only by 
its almost drupaceous, one-seeded nut (Fig. 395). 

The sTRucruKE op the flower. Hypecoum among the Papaveracese is the 
connecting link with the Pumariaceas. The diagram (Fig. 393 C) corresponds 
both in number and in the relative position of its members with that of most 
of the other Papaveracese (Fig. 391), except that there are only four stamens 
(with extrorse anthers). In Dicentra (Fig. 393 A), the two central (uppermost) 
stamens are absent, but each of the two lateral ones are divided into three 
filaments,. of which the central one bears a four-loeular anther, and each of the 


Fiu. 394.— DiceVitra flower (|) ; B the same, after removal of half of one 

outer petal; the cap, formed by the inner petals, is moved away from the anthers and 
stigma; the insect does this with the lower side of its abdomen, and thus rubs the stigma 
on the hairs of its venteal surface; the dotted line at e indicates the direction of the 
proboscis; O’anihrmctam dhdgynoeceum j Z> stigma. 
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two-locular (half) anther. Cori/dalis and Fimarla stand alone in the 
7 of the flower, di:ffering from Dicentra in having only one of the lateral 
Fig. 393 -S, sp) prolonged into a spur, while in Dicentra both the 
i,re spurred. This structure has been interpreted in various ways, 
itr to Asa Gray the median stamens are absent in the last-named 
and the lateral ones are split in a similar manner to the petals of 
im. Another, and no doubt the most reasonable theory (adduced by 
dolle), is: that two median stamens are split, the two parts move 
' each to their respective sides and become united with the two lateral 
• this affords a natural explanation of the two half-anthers, and estab- 
'close relationship to the Cruciferse. A third interpretation, held by 
and others, is as follows : the median stamens are ahoay's wanting ; 
ley appear to be present, as in Hypecoum, it is due to the fact that the 


mria officin- Fig. 396—CorijdaUs cava: a a flower (lateral view); 

•er in longi- h the anthers lying roiind the stigma ; c the anthers 

B the andrcB- shortly before the opeuing of the flower; d the head 

urn } nectary of the stigma; « relative position of the parts of the 

flower during the visit of an insect. 

)f the lateral stamens approach each other (as interpetiolar 
»alesce into an apparently single stamen, 
mostly from the northern temperatures. 

Ftmaria, with its inconspicuous flowers, has to a great 
fc to self-pollination. Cortjdalis, on the other hand, is dependent 
ation; C, cava is even absolutely sterile with its own pollen, 
ollinated by insects with long probosces (humble-bees, bees), 
to reach the honey secreted in the spur; as they alight on the 
cess the exterior petals on one side (Fig. 396 so that the 
Qded by the anthers, projects forward ; the proboscis is mtro- 
direction of the arrow in the figure, and during this act the 
I'd PAVPrfid with nollen. which is transferred by similar 


BICOTYLEDOXKS. 


movements lo the stigma of another (older) flower. — Ornamental plants; 
hicfutra {AiMicinbilh and vximla), Adlumia, Coryilalis. 

flrdor 2*. Cruciferas (Crucifers). The flowers are regular, 
TJ ; sepals 4, free (2 + 2^, deciduous; petals 4, free, deciduous, 
iniiriiienlate, placed diagonally in one whorl, and alternating with 
the sepals; stamens 6 ; the outer are s-Aorf, the 4 (in realitv 
the two median split to the base) Zo?^^e'r, placed in pairs (tetiidj- 
naniiti of Liniuens) ; gjiioeceum sjncarpous formed bj 2 (as in the 
previous order, lateral) carpels, witli 2 parietal placentic, but 
divided into two loculi bj a s^purious membranous dissepiment 
(raplum) (Fig. 397), Stjde single, with a capitate, usually two- 
lobed stigma, generally commisural, that is, placed above the 
parietal placentas (Fig. 397), but it may also be placed above the 
dorsal suture, or remain undivided. Ovules curved. The fruit is 
generally a bivaivular siliqua (Fig. 398 B, 0), the valves separat- 
ing from below upwards, and leaving the 
placentae attached to the repluni ; other 
forms of fruits are described below. The 
oily seeds have no (endosperm is 

present in the two previous orders) ; th6 
embryo is c^irved (Figs. 398 E, F; 399, 400). 
— In general they are /mrhaceow plants, 
without late.v, with scattered, penninerved 
leaves, without stipules ; the inflorescence 
is very characteristic, namely, a raceme 
with the flowers aggregated together at the 
time of flowering into a corymb, and destitute of both bracts and 
bracieuhs* 

Many are biennial forming in the first year a close leaf-rosette. By culti- 
vation the tap-root can readily be induced to swell out into the form of a tuber 
(Turnips, Swedes, etc.). Stipules are found indicated by small glands on the 
very young leaves ; in Cochlearia armoracia they are fairly large triangular 
scales. Stellate fuiirs often occur. Floral-leaves are occasionally developed. 
Terminal flowers are never found in the infioreseences. Iberis and Teesdalia 
have :ygomorpkie flowers. Sulmlaria (Fig. 403) is perigynous. The 2 external 
sepals (Fig. 397) stand in the median plane ; it may therefore be supposed that 
there are two bracteoles outside these which, however, are suppressed, and can 
only in a few instances be traced in the young flower ; the two lateral sepals 
are often gibbous at the base, and serve as reservoirs for the nectar secreted 
by the glands placed above them ; they coiTespond in position to the external 
pelili of the Fumariaces. The 4 petals which follow next arise simultaneously, 
and tltemate with the 4 aepals ; if it could be shown that these are merely 2 
medlin pttA, _ whloh h^ve been deeply cleft and the two parts separated fixmi 



Fjg. 397.— -Diagram of « 
Cruciferous flower. 





each other and displaced to the diagonal ])osition, there would be a perfect 
correspondence with the Fumariaeeous flower ; then the petals would be fullowed 


Fig. sas.—JBrassica oleracea : A raceme ; B, C siliqua j D seed ; embryo ; F transvorae 
section of seed. 

1 regular alternation by the 2 lateral small stamens, the 2 niedian long stamens, 
hiclx it has been proved are split into 4 and placed in couples, and the 2 
bterally-placed carpels, — in all 6 dimerous whorls. But the formation of the 
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the otherwise prevailing correspondence with the Fiimariaceie. Yet it may he 
observed that in special cases each pair of long stamens clearly enough arises 
from one protuberance and even later on may be considerably united or entirely 
undivided [e.g, Vella ) ; in other instances they are quite distinct from the 
beginning, and it is possible that this latter condition has become constant in 
the corolla. Lepidium mderale and others have no corolla. SeneUera didyma 
has only 2 median stamens. Megacarp^a has several stamens, no doubt by 
ih'doiibleraent, as in Capparidacea?. — The mimhcr of carpeU may also be 
abnormally increased ; Tetrapoma ha rha re i folium has normally 4 carpels with 
an equal number of piacentie and repla. It is supposed to be a variety of 
Na:<turtiitm 2^ahistre.-~The 2-4-8-10 greenish ghwda, which are found at the 
base of the stamens, are nectaries, morphologically emergences, and not nuli- 
mentary stamens. The forms of fruiU are of great systematic significance, see 
the genera. In some species dimorphic fruits are present, e.g. Cardumine 
chenopodiifoUa which has both ordinary Cardamiue-siliquas and 1-seeded 
siliculas. 

The curved embryo appears in five forms, which have systematic importance : 
1, To the PLETJRORHIZ.T3 belong those genera whose radicle (with the hypocotyl) 
lies bent upwards along the edge of the flat cotyledons (Fig. 399) ; to this group 
belong Cardamine, Nmiurtiunij Cheirantha^, Matthiola, Cochlearia, Draha, 
Jberis, Thlaapi, etc. ; diagrammatic transverse section : 0~* — 2. To Noto- 
RHiz-’B belong those whose radicle lies in an upward direction along the hack of 
one of the /at cotyledons (Figs. 400, 413) ; e.g. HesperiSf Smjmhjdumy Lejnd tumf 
Capselldf CameUua: Q ||. — 3. Okthoploce.® differ from the Notorhizea? in 
Iiaving the cotyledons folded (not flat) (Fig. 398 JS, F) ; to this belong 
ftka, Simipky JlapbanuSy Cramhcy etc. : Spirolobeje : the radicle lies 

as in the Notorbizae, but the cotyledons are so rolled together that a transverse 
section of the seed cuts them twice ; Bunias: Q j| jj. — 5. Diplecolobe.e : the 
cotyledons are folded forward and backward so that a transverse section cuts 
them several times; Subiilaria, Senehiera : Q il !i !;• 

On germination the cotyledons appear above the ground as 
green leaves ; in the OrthopIocetE they are biiobecl, in the Lepidmm- 
species divided. 

1. Silicula, broad replum (Silicnlosic latiseptse), valves flat 
or slightly vaulted, and the replum extends through the greatest 
width of the silicula (Fig. 404). The seeds are situated in twm rows, 

O • Cochlearia (Horse-radish) : the siliqua is nearly spheroid ; 
glabrous herbs, generally with fleshy, stalked leaves, and white 
flowers. — Draha has an oblong, lanceolate, somewhat compressed 
silicula ; herbs with small rosettes of leaves, most frequently wdth 
stellate and long-stalked racemes . — Alyssnm and Eerier oa are 
whitish, on account of the stellate hairs ; they have a moi’e com- 
pressed and round or elliptical silicula, Tesicaria ; Auhrieiia. 
Lmmria (Honesty, Fig. 401): very broad and flat silicula with 
long stalk as in Capparidaceae). 





rhceabinj:, 4t)l 

C || : Cameliua (Gold- of- pleasure) has a spheroid, pear-Khapifd 
siliqua with a small rim passing- right round (Fig. 402;, Snhu- 
hiria (Awlwort), an aquatic plant with ^periyytiom flower (Fig. 
40:>) and folded cotyledons. 

2. Silicula, narrow replum (SiHculostn angustiseptavh ij\ 
the repluni is much shorter than the arched, more or less Injut- 
shaped valves (Figs. 405, 406, 407). 

0 — : ThLaspi (Penny- Cress) has a flat, almost circular silicula, 
eniargiuate or coi’date, with a well-developed wing round tlie cnlgt* 
(Fig. 406). Iheris and Teesdaha : the racemes during tlovvering 


Fig. 403.— GijfjmOVfi. 
IiOBgitmlina! section through 
the flower. 


Fig. 4.02.— Came* 
Ibid sativa. Fruit. 


Fig. 40.1 . — Lunaria biennis. 

Fruit, the valves of which 
have fallen oif, 

are especially coiymbose, and the most external petals of the outer 
flowers project radially and are much larger than the other two 
(the flower is zygomorpMc). — Biscutella, Megacarpeea. 

O il : Gapsella (Shepherd's-Purse) has a wingless, obcordate or 
triangular silicula (Fig. 407). Lepidium (Pepperwort) has a few- 
(2-4) seeded, slightly winged, oval silicula, Senehiera has a silicula 
splitting longitudinally into two nut-like portions ; its cotyledons 
are folded . — Anastatica hieroohimtica (“ Hose of Jerioho is an annual, siii- 
cula-fruited, desert plant (Arabia, Syria, N. Africa). After the flowering all its 
then leafless branches bend together upwards, forming a kind of ball; this 
spreads out again on coming in contact with water, and the fruits then dis- 
seminate their seeds, which germinate very quickly, often in the fruit. 

\f. B. ■ • , ® ^ 


'/]■>/ . 
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:l Siliqua (SiHquosa"). ' 
longer than broad. The 
in one row. 

C>> : Brasska (Cabbage) 
ill uiie row in each loculus (Fig. 
rhe valves have onl^” 1 strong, 


. The seeds are placed apparently 
. 39S (7) ; the style is long and round; 
longitudinal rib. — 2IeJanositiaj.iis (JI. 


Fiu, -105. — Transverse section of u 
iilicula with narrow rephim. 


Fig. 101.— Transverse section of a silieula 
with brusiii replum : « repium ; k the valves. 

nigm, Black-mustard) ; the style is compressed, two-edge 
valves of the siliqua ai-e one ribbed. — Sinapis (Mustard) ; 
ramxular or flat style (in which in most cases there is a see 
3-5 strong, longitudinal ribs on the valves. — Eraca differ 
Ihassica by the shorter siliqua, broad, sword-like “ beak 
seeds in two rows. 

O-- (Fig. 399) : Cardamine (Bitter Cress) has a long, 
siliqua, witli flat, iinribbed, elastic valves. The leaves ar 
frequently pinnatifid or pinnate. C. jmitensis reproduces 1 
formed in the axils of the leaves . — Amhis (Rock Cress) ; Mi 
(Stock); Ohelmuthus clieiri (Wallflower); Rarharea (Winter 


Fig. 406.— nrtew^t. Fig. .407.- Silieula of CapsclU hu mi-pa, 

(double-edged, quadrangular siliqua) ; Kasiurtmm (W. ofeu 
Water-cress) ; the siliqua of the latter genus is in some spe 
short, in othera long, 

011 (400): Sts^mhnnm (Hedge Mustard) the valves of 
siliqua .S-rihbed, — Erysimum; Ilesperis; ScMzopeidmn 

fimbriate 





4. Fruit jointed (LomentaceiB). The frnit is divide.! by 
transverse walls into as inanj spaces as there are seeds, and de« 
!usc*c‘k at maturity, generally transversely, intt> a corresponding 
ji limber of niit-like joints (“ articulate-siliqua.'") 

0:i:: Cnmihe (Kale, Fig. 408). The frnit has only 2 
The lower one resembles a short, thick stalk, ami is barren, the 
upper one is spherical, and has 1 s<?ed, — Uakiie (/T marltuna, St^a- 
kale; ; the lower node is triangular, Idocniar, the upper tme more 
eiisiform, 1-locnlar (Fig. 409). 

0^)>: Raphan^cs lias a long siliqna, whieli, in tlie garden 
Radish (E. sativns), is spongy and slightlyubstricted (Fig. Ml init 


Fw. #8.— Frttit of Pm. 400.— CaHle Fm.410.'''Haphrtfttw Fm. II L — m 

Vmmhe marittma. mm’iUma^ Frctiid). mphmmtetim, MiiruH, 

neither opens nor divides transversely (a kind of dry berry), ami 
which in the Wild Badish (R. raphamstmm) (Fig. 410) is abstrktec! 
in the form of a string of pearls, and separates into many joints. 
I?, satimu ; the ** iiadish ’* is formed by the bypoeotyl, after the Imraling of 
Its external, corfcieal pirtlons (of which there are generally two patches at the 
top of the Kaclish). 

. 0 , Siliqna indehiscent (jrncnmentacetc). Tha frnit is a 
short, unjoimied, nnilocnlar and l-seodad nut, and the fniit-slalks 
are often long, slender, and drooping. (Sometimes a thin endo- 
sperm is present).'*— (Woad) has most frequently an oblong, 
small- winged ant; O |i (Figs. 412; 41S). — Summ; Nmlia. 
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[The sTslenmtic division of this order given above is founded upon that of 
A. P. de Candolle. 'Fv&ntl iEngler arid Frantic Nat. Fam,)^ lB91, adopts a some- 
wimt different system, which may briefly be summarised as follows :— 

A, Hairs unbranched or absent ; no glandular hairs. 

1, Tiieltfodse.!:. Stigma equally developed on all sides ; style undivided 

or prolonged above the middle of the carpels, or turned back.— 

Staiileyinm ; Heliophilim 

2. SiKAFE.E» Stigma strongly developed above the placenta ; style beaked 

or two-Iobed. 

u. Cotyledons arising behind the bend of the em.hijo.^LepkUin(P,. 
h. Cotyledons arising at the bend of the embryo. 
a. Only lateral nectaries. Generally a silicula or indehiscent 
fruit. — Cochleariime. 

/?. Generally a siliqua, more x’arely a silicula or transversely- 
divided or indehiscent fruit. Nectaries generally lateral and 
median. — Alliariime ; Sugnibriinw ; Vellhm; Brauieiim ; 
Vardaminiim, 

It, Hairs collectively or partially branched, very rarely entirely absent ; 
glandular hairs are sometimes also present. 

1. SCHIZ01»ET.ALE.15. 

2. Hesfebii>e.is. stigma strongly developed above the placenta; style un- 

divided or prolonged above the placentas into shorter or longer lobes. 
a. Surface cells of the replum, not divided diagonally. — Cap^eUuuP ; 

Tarritirud; JSi^yinmince ; Ali/sauhe. 
h. Surface cells of the replum divided diagonally. — Malcohniuw ; 
IleaperidiTta; ; Moricandiitne.j 

I^oLLi NATION. Honey is secreted by the nectaries mentioned above; but the 
poHtioii of the stamens is not always the most fa^ curable for pollination by 

insects (in these flowers the honey-seeking 
insect must touch tlse anthers with one of its 
sides and the stigma ■with the other) ^ and 
self-fertilisation is common. In some species 
(Cardamine pratemu), the long stamens turn 
their anthers outwards towards the small 
stamens, so that 3 antlnu's surround each of 
the two large entrances to the nectaries, 

1200 species (180 genera), especially in 
the cold and temperate parts of the Old 
■\Vorld (Europe, W. Asia), Many are tveedi^ 
in this country, e.g. Wild Cabbage [Bra^&ka 
cavipestm), Charlock {Smapis urren.s’i.f), Wild 
Badish {Raphanvs raphanidrum) and others. 

■ — The order is acrid and oleaginous. Oil is 
obtained from many of the oil -containing 
seeds, especially of theEape (Brassica napus)^ 
Summer-Eape (the oil-yielding cultivated form 
{Fig. <»^) } and 'ha longitadhaal sec- . Emld-Cabbage) and Camdma. Several 
Urn ~ are pot-herbs or fodder plants, e.g. Cabbage 
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(Bra>i.nca oBracea) with its numerous varieties: CauliHower (var. hotrytis ; 
c-ntire iutiurescence is abnormally branched and fleshy), Kohlrabi (rar. i/oii./y- 
hidea, with swollen, tuberous stem), Kale, Ked-Cabbage, White-Cabbage, etc, ; 
B, cdmpeatrh, var. rapifera (Turnip) ; Ji. napust, var. rapi/era (Swetle) ; Baphn- 
nus satioHi^ (lladish from W. Asia), JR. cuudatus (long Iladlsh); Bthsiurtium 
vrlkinale (Water Cress), Lepkliim sativum (Garden Ciuss), and Burharen pr^rax 
(Early Cress) ; Cmmbe mantima (Sea Kale). The seeds of the following are 
especially used as spices : (the flour ofj Melano^iinapU (Black-niustardi, and 
S inapis nJha (White-mustard), which are opficinal like tlie root of Corhh-aria 
arnioracia (Horse-radish, E, Eur). The herbaceous parts of Coahlenria afirinaih- 
and danica are medicinal.— A blue dye (woad) is extracted from -Crna- 

lueotal i)lants: Cheirnnthus cheirl (Wallflower), MaUkiota (Stock), 
llesptah, Lnuaria, and others (especially from S. Eur.}. Sweet-scented lluwers 
are rare. , 



Fitt. 41 1.-— GynaHdropsis Fig. 416,— -CapjiaHs spinosa. 


peutaphnlla. 

Order 4. Capparidacese (Capers). The relationship with the Criicifcw 
is so close that certain forms are with difficulty distinguished from them. The 
diagram of the flower is the same in the number and position of it.s parts, but 
it differs in the modifications which occur in the development of the stamens. 
In some genera all 4 stamens are undivided ; in others both the 2 median ones 
are divided as in the Cruciferje (6 stamens, but not Utradynamom) (Fig. 114} ; 
in other genera only 1 of these; in other instances again they are divided into 
more than 2 ; and finally the 2 lateral ones also may be found divided, so that 
indejimte stavtens occur (Fig. 415). The bi-carpellate gynceceum is uniiottihir 
(without replum), but more than 2 carpels, may occur. The ovary is elevated 



u H .tail; (sowctinirs n- tmu-h as 1 f.iot iu ; also hnwcc-u the stamen- 

m.l corolla a simiiar stalk may he foimd (Fig. lU). The tvmt m long and 
• ilifiuose (Ck.nm-, I'l.hini-li, aioutudmp^M, ov a hMvy (i upiitri^)- fcmlos- 
H-nu aliment. Some have zv^^omonjliic lluwers. Ganiosepaloiis caiy^x and 
■erigvuous flowers also omir.— :«’) species; espeeially hi the Iropiea Ilie 
i.ajor:ty ure trees and shrubs, and they difier also from the Cruoiferip m baling 

listiiict stipules present in some species. 

“ Capers ’■ are the flower bnds of the climbing, thorny shrub, ( (ipporos sptnn-xi 
Fig. U-Tl, wliich grows in the llediti rranean. 

Family 1 1. Cistiflorae. 

Tiif thnvensintlns family are perfuct, regular (e.xeept L’m.Jmvvi-, 
I'iWmva I, liypiigynoufi. tlif periimrli-leavos free (a few have tlumi 
sliirhrly united), le.stivatimi nio.st froipumfly imbricate ; they are 
enevclic in the audneeium, and most freiiuontly in the other parts, 
and -onerully ri-meron,s with So, P5, Ao + 5, Gd, but other numbers 
alsowenr; several have iiuh-iinit,' s/mmops-, hut the stamens arise 
(where the developmenr is known) in ceHlnfi'ijal order and are 
arranged, often very distinct ly. in hnuMes-, in other words, the 
Isu-i'e innnlx'r of stamens is formed by the splitting of a small 
number fmo.st frcr|nently 5); a true spiral arrangemenUs never 
found. Gyiiceceum syncarpons, inultiearpcllary {Bdlemaceiv and 
a few liereiloreie are apoetirpous), most frequently the number of 
carpels i.s d, forming a nHihciilnr orurij with parietal plnretifir, 
hut parallel with this, multilocular ovaries, with the ovules placed 
ia the inner angle of the loculi, arc also found, and a few genera 
have a free, centrally-placed placenta. The fruit is most frequently 
!i ciipsiile. The dehiscence i.s never with a “ replum,” i.e. the 
per-sistent frsune of the placenta, as in the family Khffiadinm. One 
half of the orders has enilosperm (Violare.-v, Ciriace<r, Droreracne, 
itixame, Ternrlr-einiacen, etc.), the other has no endosperm 
{Hesidaciav, Hyperiencem, ElatinaceK, Tamaricueeie, etc.) ; .some 
have a curved, the majority a stmight embryo. The family is 
scarcely quite natural; in the future the orders will probably be an-anged 

ditTerently. , i? 

Order 1. Resedaccee (Mignonettes). — Herbs or small 

shrubs with spirallv-placed leave.s and very small, gland like 
8tipule.s (as in Crueifene) ; the 5,hypogynous flowers are rt/r/o- 
■mmphie, and arranged in racemes or spikes typically without 
braeteoles. The aygomorphic structure is produced by the g-reafer 
iexdoptae^ of the posi-erior side of the flower, o.speciaUy the petals 
and the nectary (“ diw,’’ in Fig. 416 d) which is situated betw^een 






till* pcijils ami stamens; tn i^enoral there are Ti-S 
an<l the latter consisting of a large sfaile-likt 

a tifiihrialed ])l{ule (see Fig.); stuFuens tuuiier- 
in\>: eurpeis uniteil together; ovary lun- 
Ineular with parietal placenta?, but ihe carif^y 
of tho ovarfj is not closed at the top. In Jstro- 
rarfofs i In? gyno'cenm is apocarpous. The fruit f i I 

is most frepnently a <;^psule; the seeds are 
ivniforni, witiumt entlosperm, and tlie embrvo V 


Tins order cnnneets the Bhceadina* with the Cisti- 
flor;Ls It is closely allied to the Kho'adime by its * 

c^xteriuil appearance, even by the smell ami taste, the 

parietal plaeentation, structure of the seeds, the hitiorescences. etc., wliiist by 
the irrej^nlar dowers and the disc placed at the posterior side of the 
it IK rJlied tu Cappiiridacete, but diiTers from this order hi not having Its 
characteristic number {2~4) and by the very diiterent mode of dohiscenee of 
the fruit, etc. It differs from the other orders of this family ddetiy in tin* 
fact that the number of the perianthdcaves is not coiisuintly 5. In H-mhi 
luteohi both the calyx and corolla appear to bo 4- leaved, beeause the pnsterior 
sepal is suppressed, and the *2 posterior petals are united. Where th» re are lo 
stamens, they stand in 2 whorls, i.e, in front of the .sej-als and petals ; if tlMue 
are several, tlieii* position depends upon the splitting. —.-fstnicuri/Ffjf is remark- 
able for its apocarpous fruit and the position of the ovules on tin' thmd suture 
of the carpel. 

The yellow, iiat disc at the hack of the flower serves as a nectary, the Imney 
being protected by the lobes of tho petals. If pollination by hiHccts is imt 
effected, then self-pollination may take place, at all events In IL oduroiu. 

45 specie.s ; tlie majority in the iMediterninean and in Persia. !ti sfdo iHf^nrufo 
(from Egypt) is cultivated on account of its sweet scent; A*, luhndn p* liyeEn 
Weed '’) yields a yellow dye. 

2. Droseracese (Sundews). Herbs, (ddelly living on 
moors or in water, and whose It^aves are adtipted tt> eateh and 
digest small animals. With regard to the flower, they are idosely 
allied to the Yiolacete, e.spccially to those with regular flowers, 
.Drosem (Sundew) has a long-stalked seorpiokl regular, 

§, hypogynous fiower.s, o-inerous as in Viola. ih>, Aa, (id 

(in a syncarpons gyna*ceuiii, with free, bifid styles and basal or 
parietally-placed ovules in the unilocular ovaries). Tlie capsule 
opens also as in Viola., but, among other diferences, tlie styles are 
free, the seeds very smalU and sun^ounded by a iwstdy lying, thin 
shell. Dmmra has radical, long-stalked leaves with the blade (Pig. 4IT) 
covered by numerous strong glandular hairs, pished on tho edge and in the 
middle ; when small animals ar© caught by these hairs, Ihe latter and the entire 
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blade close slowly over them dissoivxng and absorbing all tlie digestible matter 
as noiirishnient»\; 

Lhmtfa mmdpula (Fly-trap; K. Am.) has the same appearance as Brosem, 
but the leaves are constructed as in Fig. 418. The stalk is Hat and winged, the 
blade small, circular, with powerful, pointed teeth along the edge, and on its 


Fig. 417.— Leaf-rosette of Dromva rotundifolia 


laat. size), and a leaf {magnified), 

surface are 6 small bristles (/i), wdiich are very sensitive. When these are 
touched the blade quickly closes, folding along the midrib (I?, C) and im- 
prisoning the irritating object, the teeth round the edges fitting like the teeth 
of a trap. If it happens to be an insect or similar body, a digestive fluid is 
secreted which, like the gastric juice, dissolves the digestible portions. Aldro- 
vamlia (Central and S. Europe) captures small aquatic animals 

in a similar manner ; it is a floating, aquatic plant, the two halves of its leaves 
also close together when irritated (Fig. 410 ). — Urosophyllmiu 
About 110 species ; most of them in the temperate regions. 


Fx®. 418, — JimnmfimmciimXa. Leaves (nat. size). 

Orders 8 and 4. Sarraceniacese and Nepenthacese. These two orders 
are perhaps most closely allied to the Broseracefe and agree with these, among 
other things, in tbe manner of taking nourishment. Like the Droseracefe they 
absorb nitrogenous food from dissolved animal matter by means of their leaves, 
'Which are speoislly oon^nucted both to catch, to retain, and to digest any small 



SBiall, lid*Hlw6 blade ; these leal-stalks are the 
-Sarracen Da rUngUm ia. 


and which, bear at the apex a 
catching and digestive organs.- 


r 1 genus, Ntpntihet (the Piteher-plant ! about 
in tropical B. Aaia; the majority are climbing (thru 
ng orgaoB, and terminate either simply in » tomli 
i a pitcher- shaped body (whieh in eome ejwciea may 
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a- nuieh as a foot in length) on whose upper edge a hd-like struotnre is found 
(Fi.- 4->01 In this pitcher, as among tlie Sarraeeniace*, a fluid is secieted 
which is aUe to digest the animals captured {sometimes rather large) and w iic 
corresponds in some degree to the gastric juice. 

Orders. Violaceae (Violets), flowers are 

ally zvo-omorphic. hypogynons, with So, Po, Ao, Go (li„. .21). 
Th'e .smnieiis are closely applied to the ovary they have a very 
.diort filament, and at their summit generally a membranous 
appendao-e formed by the prolongation of the connective (lig. 
422 r/). ^The ovary is unilocular with 3 parietal placent® ; style 


FiCr. i21.--Diagrain of 
Viola. 


Fir 432.--The liirge-flowered form of Fiola tricolor ; A tlie 
flower in median longitudinal section ; B the gynceceura. 


undivided (Pig. 422 B). The fruit is usua ly a o-valved capsule 
opening along the dorsal sutures (Pig. 423). Embryo straigl t. 
endospmmi fleshy (Fig. 42o).-Many are herbaceous 
YioJci but in the Tropics shrubs are also found {e.g- Ionulmv.) 
a few are Hanes; the leaves are scattered, with stipules, an 

involute in the bud. nf 

riola. The sepals are prolonged backwards beyond the point 

insertion (appendieulate) ; the corolla is polypetalons, descemli^ 
imbricate, and zygomorpWc, its anterior petal being larger than the 
others and provided with a spur (Fig. 421). ihe .. antenor ■ 

5 almost sessile stamens are provided with a spur-hke nectar^y^, 
which protrudes .a considerable distance into the 

(Pics. 421, 422 », sp). The style is clnb-hke, and beais the 
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stig’ma ill a groove on tlie anterior side (Fig. 422 >?/). Herl‘.- 
with rhizomes, or annuals; flowers solitary. V. odoraia, canimi, etc., have 
cleistogamie flowers which produce fruit in addition to the large, coloured 
(violet) flowers. The Pansy {V. tricolor) has large flowers adapted for insect, 
pollination, and also smaller, less conspicuous ones designed for self-pollina- 
tion. The stigma, as in Pig,- 422 A, st, and P, is situated on the anterior 
•side of the styiar-head, immediately in front of the channel leading down to 
the spur (sp) ; below it is situated a valve, easily covered with pollen when the 
'proboscis of an insect is introduced into the spur, but which closes upon its 
withdrawal ; cross-pollination is thus secured. — The sweet-scented V. othur^fa 
is vi.sited by the honey-bee, which insures ci’oss-pollination, and in the absence 
of insect visits it effects self- fertilisation by cleistogamie flowers. The con- 
spicuous but scentless V. tricolor, vsi.v, vulgaris, is less frequently Yisit<->d by 
insects (humble-bees). lii F. siZvatfco- and F. ca/mm the pollen is earned on 


Fig-, -iSS.— Caj)sule after dehiscence (aat. size). Fig. -121-.— External view of the seed. 

Fig. •425.— Seed in longitudinal section. 

the head or proboscis of the honey-sucking bee. — The fruits of T’'. odorata bury 
themselves slightly in the soil. In the others the fruits are raised above the 
ground; the 3 boat-shaped valves close together along the central line, and 
eject the seeds, one by one, with much violence, so that they are thrown to a 
great distance. 

The Alsodeia-gvouTp has regular or almo.st regular flowers. Gainopetalous 
corollas are found in Paypayrolets. ftanvagesiece differs the most by its regular 
corolla, and 5-oofree or united staminodes. 

2oO species ; especially in the Tropics. — The Jonidiuj/i-sp&cies are used as 
ipecacuanha. A number of Ffo/a-species are cultivated as garden plants, 
especially V. odorata (sw-eet-scented Violet) ^nd V, tricolor, which have a large 
number of varieties. 

Order 6. Frankeniaceae. A small order with doubtful relationships. 
Perennial herbs or shrubs ; beach plants with nodose stem. Sepals uniterl, 
petals free. Unilocular ovary, with 8-4 parietal plaoentte. Fruit a capsule. 
Embryo straight, endospermous. Especially in B. Europe, Africa, on the 
shores of the Mediterranean and Atlantic. 

Order 7. Tamaricace^ (Tamarisks). To this order belong only 'ramarix 
and Myricaria, They are shrubs of a cypress- or heather-like appearance, as 


423. 


424. 

Figs. 423-425 . — f iola tricolor. 
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tbe scattered leaves are very small, sessile, scale-like or linear, adpressed, 
entire, and usually glaucous, and the branches are slender and whip-like. The 
dowers are borne in small spikes or racemes, and are small, reddish or whitish, 
regular, 5? hypogynous and polypetalous ; formula So, P5, Ao-fO {Tamarix, 
which often has stipular teeth at the base of the filaments}, or Ao + S [21yricaria, 
in which the stamens are united at the base) ; the number 4 may appear instead 
of 0 , but in either case there is usually a tricarpelkte gynoeceum, which is 
unilocular and has either parietal placentas {.Vyrlcaiia) or a small basal 
j)laeenta (Tamarix ) ; 1 trifid style, or 3 styles. Capsule dehiscing along the 
dorsal suture, and resembling the Willows in having a unilocular ovary with 
numerous looolly seeds ; but the seed-wool in this case is b >rne on the chalaza, 
and may be attached to a long stalk. — Some Tamurkt-species shed part of tbeir 
branches in the winter. — 40 species; North Temperate, on the sea-shores or 
steppies, especially in Asia. Ornamental shrubs : Myricariti ycnnanica, and 
Tamarix gallica. 

Order 8. Cistaceae. Shrubs or herbs, natives especially of 
the Mediterranean reg^ion. Flowers generally in raceme-like 
scorpioid cymes, regular, $ ? hypogynous ; sepals 5, free, twisted 
in the bud, of which the two outer are generally much smaller 
than the others ; petals 5, free, twisted in the bud (in the direction 
opposite to the sepals), fugacious ; stamens numerous ; gynoeceum 
syncarpous, carpels usually S-tO, style simple, ovary unilocular, with 
parietal placentation (seldom divided into loculi, with axile pia- 
centation). The ovules are or in opposition to some of 
the other orders of this family. The capsule dehisces along the 
dorsal sutures ; embyro curved. The leaves ax’e simple, undivided, 
generally opposite and stipulate. — They are Violaceje with regular fiowers, 
numerous stamens, and curved embryo. The numerous stamens are in reality 
only one or two 5-merous whorls, divided into a large number of stamens ; these 
are formed, therefore, in descending order, like the lobes of many compound 
foliage- leaves. . 

Helianthenium (Rock-Rose), has 3 carpels. — Gisius has 5 (-10) 
carpels. 

About 70 species ; temperate climates, especially about tbe Mediterranean. 
The resin of the Cisius- species has been used medicinaily (ladanum). 

Order 9. Bixaceas. This order is closely allied to the Cistacem and 
Ternstroemiaeea3 ; like these it has regular, S-merous, hypogynous fiowers with 
numerous stamens, unilocular ovary and parietal placeiitiB ; sometimes uni- 
sexual fiowers ; it differs in having anatropous ovules, in the estivation of 
the sepals, etc. All species (about 180) are trees or shrubs, with scattered, 
simple leaves, which usually have stipules, and are occasionally dotted with 
pellucid oil-glands . — Bixa oreilana (Trop. Am.) is tbe best known species; it 
has a 2-valved , capsule ; the seeds are enclosed in a shiny red, fleshy testae 
which contains the well-known orange or yellow dye, annatto. 
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Order 10. Dilleniacese. Gynoeceuin usually apocarpous, seed arillate. Tbe 
dower lias most frequently So, P5, and compound stamens (one or more 
bimdles) ; sometimes irregular. 200 species ; Tropical ; woody plants, many 
lianes. — Dillema, CandoUea, Pleurandra, Davilla, etc. 

Order 11. Elatinacese (Water- worts). About 25 species belong to 
this order; especially in temperate climates. They are small, creeping, rooted, 
aquatic plants, with opposite or verticillate leaves and stipules. The dowers 
are solitai*y or situated in small dichasia in the leaf-axils, they are small, 
regular, J , hypogynoiis, with free petals, the same number in all 5 whorls 
(Sn, Pn, An-fn, Gn), 3-merous {e.g. Elatine hexandra) ^ i-nievoiis {e.g. R. hydro- 
piper] y or 5-merous (Bergia); the corolla-stamens are sometimes suppressed; 
petals imbricate without being twisted ; the ovary is 3-1-5-loeular, witli 3-4-5 
free styles ; the capsule dehisces septicidally. The seeds are ortliotropous or 
curved, often transversely ribbed, endosperm wanting. The order is most 
nearly allied to Hypericace^e, whose primitive form it appears to represent. 



Pro. 42(3. —Diagram of Ry per iciim quad ran- Fig. 427. — Eypericnm. Flower with 

ynlumt S indicates the bud of the helicoid three bundles of stamens, 

cyme in the axil of the bracteole jS. 

Order 12. Hypericace^ (St John’s- worts). This order 
is recognised by its always opposite or verticillate^ simple^ and 
entire, penninerved leaves, without stipules, and usually dotted 
witli pellucid glands ; by the always 5 , regular, by pogy nous flowers 
in a cymose inflorescence ; the generally 5-merous calyx and 
corolla, with sepals and petals free ; the stamens 3-5, numerously 
branched (Figs. 426, 427) ; and the gynoeceum, 3-5-carpellate, 
styles usually free. The ovary is 3-5-locular, or unilocular with 
3-5 parietal placentae. Fruit a capsule (dehiscing septicidally) or 
berry. Endosperm absent. 

The inflorescence is a dichasium or heliodd cyme. The structure of the 
flowers is the same as that of the foregoing orders : , P5 ; succeeding these 

in some cases are two 5-merous whorls of stamens in regular alternation, of 
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wliicli tlie inner is epipetaloiis ; but the outer wliorl is only represented by 5 small 
scales (Fig. 427), or is altogether absent {Hypencu7n calycmum 
and the inner divided into numerous stamens, that is, these 5 stamens are so 
deeply divided that 5 epipetalous groups bearing anthers are found (as in the 
Cistacese) ; in other cases the flower becomes '^-inerous after the petah^ stamens 
3 + 3 following in regular alternation (Figs. 4*26, 427), the outer whorl of 
stamens in these cases is also present as staminodes (Fig. 427), or may be al- 
together suppressed. Carpels 3-5. The petals are often twisted in the bud, and 
are then oblique. 

Eypericiim, Some species have a square stem ; in these cases 
the leaves are placed opposite the edges. Fruit acapsiile.—l'tsini'a 
has a berry. — The flowers of Hypericum have no honey, and supply only 
pollen ; self-pollination often takes place. 

About 240 species ; the tropical ones being often shrubs or trees ; the others 
generally perennial iihmhs.-- Hypericum, St. John’s-wort, contains a resinous, 
red matter, which can be extracted with alcohol. The American gamboge is 
the dried sap of species of Vismia, 

Order 13. Guttiferae, or Clusiacese. Closely allied to the Hypericaceje 
and Ternstroemiaceaj. Leaves opposite or verticillate. Tlie flowers are often 
unisexual; stamens united; the gynceceum has most frequently a sessile, 
radiating or shield-iike stigma. 

370 species ; chiefly in the Tropics (Am.). They are principally woody plants 
and their bark contains a yellow gum resin, “ gamboge,’’ which is extracted 
from Garcima morella (E. Ind.) and others. Mangosteen (Garcinia manyo- 
stana S.E. Asia), and Mamniea amerioana (W. Ind.), have very delicious fruits. 
To this order also belong Platonia indynU, Pentadesma hutyracea (the Butter- 

tree), etc. 

Order 14. Ternstrcemiaceae. Trees and shrubs with 
scattered, simple, and often more or less leatherj, evergreen, pen- 
ninerved leaves, without stipules (Fig*. 428). The two most 
important genera are : Camellia and the closely allied Thea (by 
some authorities these are united into one genus). The flowers 
are regular, liypogynous, and situated singly on very short stalks. 
A number of green fioral-leaves ai'e placed below the calyx and 
gradually pass over into the sepals, and the leaves (5---6) of the 
calyx again gradually pass over into the corolla (this being especi- 
ally marked in Camellia)^ of which the number of leaves varies (5, h, 
7 and upwards) ; the calyx and the corolla are acyclic or eii^cyclic ; 
the petals are slightly united at the base ; stamens numerous in 
many whorls, the external ones are arranged in bundles and 
united with the petals as in the Columniferos ; gynceceum syn- 
carpous ; styles often free nearly to the base; ovary 3-5 -locular, 
ovules numerous in each loculus. The fruit is a woody capsule. 
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—Other genera show more distinctly than these the same structure as in the 
preceding orders, namely : So, P5, A5+o, of which the calyx-stamens are often 
suppressed, and the petal-stamens divided into numerous stamens.— Kid nu ijvrn 
(S. Am.) 

260 species ; especially in the Tropics (E. Asia, Am.) The leaves of Thru 
chiriemis (or Camellia thea), the Tea-tree (E. Asia), are cultivated for the 
well-known “ tea,” and contain thein : the best are the young, still hairy 
leaves, of greyish colour; there are many varieties. Ornamental plants. 
Camellia jap omca and Actmidia, 



Closely allied to this order are : Order 15. Rhizoboleie (with enormously 
large hypocotyi— hence the name), and Order 16. Marcgraviaceas (partly 
epiphytes, with dimorphic leaves and cup- or helmet-like, coloured, honey- 
secreting doral-leaves, which serve to attract insects). 

Order 17. Dipterocarpacese. This order has taken its name from the large 
wings attached to the fruits in Dipterocarpus (the wings being largely devedoped 
sepals); trees and shrubs from Trop. Asia. 180 species. Camphor ready 
jirepared is found in the stem of Dryohalanops camphora. Hopea ; Taterla. 
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Family 12. Gruinales. 

The flowers are hypogyiions, ^ ? polypetalous, usually regular 
(except T^elargoniu'in^ Trojpceolacese., Balsaminaceie') and throtcghout 
^^merons : So, Po, Ao + 5, or 5 + 0, Go {epipetalous) . The stamens 
soon fall off and are ohdiplostemonous, often united at the base 
(monaclelphoics) ; the corolla-stamens are in some completely sup- 
pressed (e.q. Balsaminaceee^ Fig. 438), in others reduced to teeth 
{Limmi, Fig. 431; Brodmm). The Tropseolacem have 3 carpels 
and only 8 stamens (Fig. 437). Tting-like nectaries are not pre- 
sent, but at most only glandular bodies, borne outside the base of 
the stamens. Ovaries many-locular. The ovules as a rule are 
pendulous, with the micropyle directed outwards (lig'* 431, jE>), 
and the radicle therefore also points outwards. Usually herbs. 
Related to the Columniferse. 

Order 1. Oxalidacese. Most of the species are herbs wdth 
rhizomes ; the leaves are stalked, co'tnpound, with entire leaflets 
which are folded and bent backwards in 
the bud (and in the sleep position), ex- 
stipulate ; some species have sensitive 
leaves. The flowers (Fig. 429) are re- 
gular, and have S5, P5, which are twisted 
to the left or inght in jestivation, A5 + 5, 
all united at the base (monadelphous), 
gynoeceum 5 -carpellate 5 styles 5 /Vee, stig- 
mas capitate, ovary 5-locular, ovules 
numerous. The fruit is a capsule ope^iing 
with clefts on the dorsal sukires through 
which the seeds are ejected, while the 
flesJiij, external layer of the testa springs off* elastically. Embryo 
straight. Endosperm. 

Oxalis (Wood-Sorrel). Leaves digitate. Species also occur with phyilodia, Le, 
leaf -like petioles placed vertically without lamina; a few have pinnate leaves. 
The flowers are situated singly or in dichasia, and unipared scorpioid cymes. 
The pollination is effected by insects. Some species are trimorphic (long-, 
short-, medium-styled flowers) and some, e.g, 0. acetosella, have cleistogamie 
flowers in addition to the ordinary ones. Glands are found on the outer side of 
the corolla-stamens or of all the stamens. 0 . tetraphylla and others have 
adventitious edible roots, resembling tap-roots. — Averrlioa is a tropical tree, with 
berries and pinnate leaves. 

235 species (205 belong to Oxalis)^ chiefly in S. Africa and Trop. America. 
^-Oxalate of potash is contained in the leaves of Oxalis. 



FiG. 429. — Diagram of Oxal's 
acetosella. 
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Orclei’ 2. Linaceae. Herbs with scattered or opposite, sessile, 
svni'ple^ small, entire leaves, witliont (rarely with small) stipules. 
The flowers (Fig, 430) are regular, 5- or 4-merous. Petals are 
free, izvisted' quickly falling off. Stamens united at the base; tlie 
petal-stamens are either redztced to teeth (Fig. 431 m) or enfirehj 
szippressed. Styles free. The (6-4) epipetalous loculi o£ the 
ovary are incompletely halved hy ftdse diidsio^ial 2 valL% eixoli half 



Fig-. 430-133.— I'inum usitatmimum. 


Fig. 430.— The Flax plant. 

Fig. 431.— A Flower after renjoval of sepals and petals; m petal-stamens reduced to 
teeth. B Longitudinal section of oyary. 0 Transverse section of capsule. 

Fig. 432. — Capsule (nat, size). 

Fig. 433. — Transverse and longitudinal section of seed : H the cotyledons ; Ic the 
plumule; R the radicle ; /)• the endosperm ; sh the testa. 

contains one ovule (Fig. 431 G). The fruit is a spherical 
capsule, dehiscing along the divisional tvall (Fig. 432) ; the 10 (-8) 
seeds have a sti'aight embryo and very slight endosperm (Fig. 
433). 

W. B. 
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Linnm (Flax) has 5-merons flowers. The main axis terminates in 
a flower- Ld the succeeding branching is cymose, or unipared sooipioi 
brancIL" by’ unilateral development, and the flower. ^ 

vigorous sympodial development of the lateral axis (and ^ 

being dispUced and pushed aside), assume a position apparently lateial (t.... 

leaves. The testa is shining and smooth when dij, but i b ' _ 

layer becomes mucilaginous in water.— has a 4-merous tlower. 

It is a small herb with opposite leaves, and regular, dichabial 
branching. 

The anthers and stigmas in L. catharticum and nnmmlmum develop 
simultaneously, and cross-pollination as well as Belf-polUnation P “ - 

i. grandifiorum, perenne, and others, are dimorphic (short- and lon„-stj led). 
There are 5 nectaries outside the stamens. . . . . 

130 species ; Linum and Radiola are native genera.-X. mttatmimumis exten- 
sively cultivate in Europe (especially in Enssia and Belgium) N. Amerma ^ 

elsewhere (its home no doubt being Asia), partly on ° Lt of the 

oil) which is extracted from the seeds, and pai-tly on account of the tet of the 
stem, which has very thick-walled cells. The seeds and oil are ofpioinal. The 
species cultivated in ancient times L. angmtifoUum. Several species 
cultivated as ornamental plants. 

Order .3. Geraniacese. The majority are herbs with dichasial 
branching, and scattered or opposite, stalked, palmifierved (rare y 
penninerved) leaves with small stiptdes. The flowers are regular 
(except Pelargonium) and 5-merous, with 10 or 5 stamens which 
are slightly united at the base. Nectaries alternate with the 
corolla-staiens. The ovary is most frequently 5-locular deeply 
5-grooved, and bears 1 well developed style (“ beak ^^^ich towards 
the apex divides into 5 branches bearing stigmas ; ovules 1 in each 
loculus, pendulous or ascending. The. 6 cartels hecome detached 
from one anoth^- when ripe, and bend or roll-back ^(Pig. 4,.A) ov 
become spirally hoisted in the upper “ beak-like ” part (bigs. 
435, 436), whilst a central column (septal column) persis-s , eaci 
carpel, in consequence, remains either closed, and the fruit is a 

5-merous whose nut-like lower portion, containing the 

seed, is forced into the ground, thus burying the see y 
movements of the spirally-twisted, hygroscopic ‘beak (iig • 
435, 486) ; or it opens along the ventral suture, so that the seeas 
may fall out, and it is then a 6-valved capsule, with septicidal de- 
hiscence (Fig. 434) and the rolling up of ten takes place so suddenly 
and violently that the seeds are shot out to considerable distances. 
The embryo is usually green and curved, and the cotyledons aie 
folded ; endosperm is wanting. 
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Geranium (Crane’s-bill) ]ias5 + o stamens, and a septieidal ea|)sule; 
the carpels most frequently remain suspended from the apex of the 
column (Fig. 434). The leaves are most frequently palminerved. 
The llovvers are situated solitarily or 2 together (2-fio\vered scor- 
pioid cyme). — Erodium (Stork’s-bill) ; intlorescence a many- 
flowered unipared scorpioid cyme, stamens o-f 0 (petal-stamens are 
wanting), and fruit a schizocarp whose carpels become detached; 
their beaks are hairy on the internal surface and twist fliehiselres 
spirally (Fig. 436). The umbellate inflorescences are composed of 
multihowered scorpioid cymes. The leaves are often penninerved. 
—The most primitive type is represented by Bichenteinki : So, P5, Go 

(ovaries and styles united above) ; fruit 5 small nuts. The most advanced 
type is Pelargonium, which has zygomorphic flowers, the posterior sepal being 




Fig. 43 i. — Geranium .san- Fig. 435, — Felargonimu. Fig. 436. — Erodhtia ciru- 

guinevm. Fruit ('^). tanroa, detached carpel. 

prolonged into a spur which becomes adnate to the peduncle ; the petals are 
unequal in size ; some of the petal-stamens are often wanting. {Erodiim may 
be slightly zygomorphic). 

Pollination. The large-flowered Geranium-species are protandrous, e,g. 
G. pratoise (one whorl of stamens opens first, and then the other, and suc- 
ceeding these the stigmas, after shedding the pollen the stamens bend out- 
wards) ; the small-flowered are also adapted, with various modifications, for 
self-pollination.-— 470 species ; moderately hot climates, especially S. Africa. 
— Several Pela 7 po 7 iiam-species, with numerous varieties, are ornamental plants 
(from S. Africa). 

Order 4. Tropasolacese. Herbaceous, juicy plants which have 
scattered, long-stalked, peltate leaves without stipules, and often 
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climb by tbeir sensitive petioles. The flowers are sitnated 
singly in the axils of the foliage-leaves on long stalks, and are 
zygomorphic, the receptacle under the posterior sepal being pro- 
longed into a spur ; there are also differences between the posterior 
and anterior petals, the 2 posterior petals sitnated on the border 
of the spur being perigynous, and the edge 
of the anterior petals adjoining the claw 
fringed. After the 5 sepals (which are 
more or less coloured) and the 5 petals, 
follow 8 stamens (as the 2 median ones are 
suppressed, one from each whorl) and a 
gynoeceum formed of 3 carpels ; in each of 
the 3 loculi of the 3-grooved ovary is 1 
ovule. The fruit is a schizocaop and divides 
into 3 1-seeded, fruitlets, which 

Fig. 437.— Diagram of (Jq ^ot (as in the Geraniaceas) leave any 

Troproima: sp, spur. pronounced column between them. Endo- 

sperm is wanting. The cotyledons are thick and sometimes 
slightly coalescent. Tubers often occur. 

TropceoZitw.— 'A-bout 40 speciesj all from A.meiica. 

PoLLiN^.TioN.' The spur is the receptacle for the nectar; the fioweis are 

protandrous ; the anthers open first, and one by one take up a position in front 
of the entrance to the ppur, resuming their original position when the pollen is 
shed; the stigma finally takes their place after the filaments have bent back- 

.^yards. These plants have an acrid taste (hence the name “Nasturtium,’’ 

“Indian Cress on which account the flower-buds and young fruits of T. 
majiis are used as capers. Some species are ornamental plants. 

Order 5. Balsaminacese. Herbaceous, chiefly animal plants 
with juicy, brittle stems, so transparent that the vascular bundles 
may be distinctly seen. The leaves are simple, usually scattered, 
penninerved and . dentate ; stipules are wanting, but sometimes 
large glands are present in their place at the base of the^petioles. 
The flowers are strongly zygomorphic; of their five 5-merous 
whorls the petal-stamens are suppressed (So, Po, Ao-i-O, Go); 
the sepals are coloured, the 2 anterior ones (Pig. 438 y, y) arc 
very small or entirely suppressed, the posterior one is very large 
and elongated into a spur, and the 2 lateral ones pushed forward ; 
sometimes the weight of the spur turns the flower completely 
round, so that the posterior leaves assume an anterior posi- 
tion ; apparently only 3 petals, since the lateral and the pos- 
terior petals become united in pairs, and the anterior is larger 
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and differently shaped ; the 5 stamens have very short and thick 
filaments united at the base, and their anthers finally adimre to- 
gether and I’emain in this condition, covering over the a-ynmeeiini; 
the filaments ultimately rupture at the base, amrthe entire 
anthers are raised on the apex of the gynoecenni as it gi'ows up. 
The gynoeceum has a sessile stigma and a t5-locular ovary. The 
fruit is a capsule which, on maturity, opens suddenly when 
irritated, dividing into valves from the base upwards, and as the 
5 valves roll up elastically, the seeds are shot out on all sides to 
considerable distances ; a central column persists (Fig. 439). The 
embryo is straight, and without endosperm. 

Inqmtiens ; in Europe onlj I, noli-me-tangere. 225 species; especially from 
Asia. Several species have two kinds of flowers: small, cleistogamic, but fertile; 



Fig. 43S.— Diagram of Impatiens glandiiligem. Fig. 439.— Fruit of 

and large, coloured flowers, which in I. haUamine (ornamental plant, E. Ind.) 
are protandrous and pollinated by hive- and humble-bees, as they suck the honey 
from the spur. 

Order 6. Limnanthaceae. The flowers are regular and differ from all the 
other orders in the family by having the carpels not in front of the petals, but 
ill front of the sepals (which are valvate), and further, the loculi are nearly /red 
iiullvidiiallg, but with a common gynohasie style ; the ovules are ascending and 
apotropom (anatropous with ventral raphe). The fruit is a schizocarp, with 
nut-iike cocci. — Lininanthes (4 species; N. Am.) perhaps belongs to another 
family. 

Order 7. Humiriaceae. Trees and shrubs; about 20 species; Trop* Am. 
Family 13. Columniferas. 

The chief characteristics of the orders belonging to this family 
are the ^ , regular, generally 5-meroiis, hypogijnoiis flowers with 
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5-merous calyx, sepals united and valvate in the bud; petals 5, 
ivee (often twisted in the bud); stamens oo e.g.: 10, in two whorls, 
but one of these is more or less suppressed, often altogether want- 
ing, or replaced by 5 staminodes, while the other (inner whorl) is 
generally divided more or less deeply into a large number of anther- 
bearing filaments. The filaments too (except Tiliace^) nm tmited 
into a tube, which, especially in the Malvaceae, forms a long column 
in the centre of the flower, surrounding the gynoeceum (Tigs. 445, 
448) ; in this case, which is the most pronounced, the filaments are 
united into one bundle {monad elphous), in other instances, poly- 
adeJphous. The number of carpels varies greatly (2 to about 50), but 
they are nearly always united and form a syncarpous multilocular 
gynoeceum. — The vegetative characters also closely agree, the leaves 
are always scattered and generally stipulate ; alTthe green portions 
very often bear stellate hairs, and the bark in all the 3 orders is odch 
in tough hast. Mucilage is often present in cells or passages. — 
This family is connected with the Ternstroemiacese, from which it 
is very hard to draw a sharp line of demarcation, and it is also 
allied to the Cistacem and to the Gruinales. 

Order 1. Sterculiaceae (including Biittneriacese). This is, no 
doubt, the least modified order, and one in which the stamens occur 
undivided. Obdiplostemonous. The 10 stamens in two whorls 
are most frequently united at the base into a short tube, and have 
Atdocular, extrorse anthers. The calyx-stamens are nearly always 
simple, tooth-like staminodes, situated on the edge of the tube, or 
are entirely suppressed. The same relation is found, for instance, 
in the Ampelidacece and Bhamnacese, namely 5 stamens in front of 
the 5 petals; not infrequently the 5 stamens are doubled (Tig. 
441). Unisexual flowers are found in Sterculia, Cola, Eferitiera. 
The corolla is often wanting, or developed in an unusual manner. 
Each loculus of the ovary (generally 5) always contains more 
than one ovule. Truit a capsule. Androgjnophore often present 
(Helicteres ; Stercidia, eio.), 

Mcrmamiia, Maliernia, Melochia^ etc., have fiat petals with twisted [estivation ; 
5 undivided stamens, which usually are but slightly united at the base, and 
most frequentb without staminodes. Thomana; H dieter es ; Sterculia (free 
follicles).— Rulingia, Buttneria^ Commersonia, Giiazuma^ etc., have 
petals concave at the base, and terminating in a limb abruptly bent back, and 
at the boundary between them most frequently ligular outgrowths, as in 
certain genera of the Caryophyllacese ; stamens 5-15- od, anthers at the edge of 
a short tube and 5 linear staminodes (Fig. 441). — The Cocoa-tree {Theobroma, 
Fig. 440 bears large, reddish-3''ellow, berry-like fruits, resembling short cucuoi- 
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bers, but ultimately becoming leathery to woody ; in each of the 5 loculi arc 
2 {apparently only 1) rows of horizontal, oily seeds, as large as almonds. 
Cotyledons large, thick, and irregularly folded. Endosperm absent (Fig, 442), 
49 genera, with about 750 species ; almost entirely confined to tbe Tropics : 
none in Europe or in N. Asia.— The seeds of the Cocoa-tree {T. cacao, hkolor, 
glaucnm, etc., natives of Trop. Am., especially north of the Equator) are 



Fi&. —Theolroma cacao. Branch with flowers and fruits (J). 



Figs. 441-4t3 . — Theotroma cacao. 

Fig, Diagram of the flower: st barren stamens. 

FiG.4i2.— •/? Seed in transverse section n hilum. A Embryo after the removal of one 
of the cotyledons. 

used for chocolate and are also officinal (“ Cocoa-beans,” “ Cocoa-butter,” 
Oil of Theobroma ”). Theobromine. Cola aeinninata, Africa. 

Order 2. Tiliaceae. This differs from the other orders of tiie 
Colamniferfe chieflj in the stamens being entirely free from each 
other, and also divided into many filaments, as far as the base, or at 
all events very far down, so that the ftomr ap^pears to have numer- 
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ielplioiis (Fig. 443) ; in addition 
3 the anthers B.re 4’loctdar and 
of stamens alternate with the 
'JkoTMS, Triumfetta) 10 free and 
whorls ; but, in the majority, 
•ate bundles. The stamens are 
jilhea. Style simple. Ovary 2- 
1 ocular. The ovules are pen- 
dulous ; raphe tuimed inwards. 
The calyx readily falls off ; the 
fcstivation of the entirely free 
petals is slightly imbricate {not 
twisted). 

Tilla (Figs. 443, 444). Calyx 
and corolla 5-merous ; the 5 
staminal leaves (opposite the 
petals) divided as far as the base 
into a large number of stamens 
which are free or united into 
groups ; gynoeceum with 5 
loculi in the ovary (opposite the 
senalsl : there are 2 ovules in 
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of the inflorescence, and is a bud of the 2iid order, in relation to the vegetative 
shoot. This bud is always found beneath the inflorescence on the branch 
placed horizontally, and the winged braeteole is always found above it, a relation 
which is connected with the fact that the 2 rows of shoots on the sides of a 
branch are antidromous with regard to each other.— The dichasiiini itself (Fig. 
444) terminates with the flower (t); it has 3 floral-leaves (c, d, c), which soon 
fall ofl ; c is barren : the other two bear flowers, or few. flowered dichasia, or 
unipared scorpioid cymes (indicated in the figure).— The folia-^e-Ieaves are 
folded ill the bud upon the median line (1, 2, 3 in Fig. 444 are foliage-leaves 
with their 2 stipules), the inner half is broader than the outer, and after unfold- 
ing is turned away from the mother-axis (the position of the new inflorescences 
and vegetative buds is indicated in their axils on the flgure). — The cotyledons 
on germination appear above the ground as large, hhed leaves. 

Of the other genera some have a bell-shaped, garaosepalous calyx, some liave 
no corolla, the anthers of some open at the apex {Aristotelia, EUeomrpm, etc.), 
the majority have a capsule, some have berries, or drupes, some separate into 
fruitlets, etc. — Corchonis, Tnumfetta (nut, with hooked bristles), Liihea, 
Apeiba, etc. Sparmannia is an African 

genus ; 4-merous flowers ; fruit a / ^ 

warted capsule; filaments numerous / 

and sensitive to touch, the external 

ones are without anthers and monili- \ / / \ \ \ 

form above. The plant is covered ff ^ ]j I j | j 1 

with numerous soft and stellate hairs, I v / I I / i' I 

and at the apex of the branches bears t 

several cymose umbels. , 

Pollination in Tilia, is effected by \ 

insects, especially bees and Diptera, ^ 

which swarm round the tree tops, 
allured by the numerous strongly- 
scented flowers and the easily ac- 
cessible honey (formed in the hollow 
sepals). As the flowers are pendu- 
lous, the nectar is protected from 
rain; and, in addition, the inflor- 
escence is more or. less concealed 
beneath the foliage-leaf. Self-pollination is impossible, on account of pro- 
tandry. — About 470 species (nearly all trees and shrubs) ; especially in the 
Tropics, only a few being found in the temperate, none in the polar regions, or 
in high mountainous districts.— The inflorescence of the native species of Tilm 
is medicinal. The wood is used for charcoal. —The majority are used for timber, 
and for the sake of the ha^t (“Bast,” “Jute,” the bast of Corchorm 
Luhea, and others). 

Order 3. Malvaceae (Mallows). The plants are easily I’e* 
cognised by the scattered, simple, frequently 

lobed, stipulate leaves, folded in ttie^^Eudf; the perfect, regular, 
hypogynous flowers, with gamosepalous^ persistent, 5-merous calyx 


Fig. 414.— Diagram of tlie inflorescence of 
Tilia and the vegetative bud ; the position 
of the leaves is indicated, and also tho 
position of the inflorescences, which de- 
velop from their axils in the follo.ving 
year. ■ ■ ■ ■ 
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The sub-orders may be arranged as follows 


witli rciZmfemstivation; the 5 ]jetals twisied in the bud and united 
with one another at the baseband by the 5 apparenily vumerous 
stamens (Figs. 445, 448), with the filaments U 7 iited into a tube, with 
re 7 iijoTm bilocular anthers opening by a crescentic slit (in 2 valves). 
Carpels 3—0) united into onegynoeceum ; the einhryo is curwdand 
the ctdyledons are folded (Figs. 447, 451) ; endosperm scanty, often 
mucilaginous.— Most of the plants belonging to this order are 
herbs, often closely studded with stellate hairs. The leaves are 

most frequently palmatifid or palmatisect. 

All epicalyx is often found formed hj Jloral-leaves placed close beneath the 
calyx, in some 3, in others several. The median sepal is posterior in the 
species without epicalyx, often anterior in those which have an epicalyx.— The 
petals are twisted either to the Hght or to the left in accordance with the spiial of 
the calyx ; they are most frequently oblique, as in the other plants with twisted 
corollas, so that the portion covered in the jestivation is the most developed. 
The corolla drops off as a whole, united with the staminal tube.— Only the 5 
petal-stamens are developed, but they are divided into a number of stamens, 
placed in 2 rows, and provided only with JinZ/anthers (leaf-segments, see Fig. 
446; the sepal-stamens are completely suppressed) ; these 6 staminal leaves 
are then united into a tube, frequently 5-dentate at the top, and bearing tie 


Eig. 4.1-5. -“Longitudinal section through, the 
flower of Malva silvestris. 


Fig, 446.—Diagram of Althxa. ro^ea : 
i the epicalyx. 


anthers on its external side. The pollen-grains are specially large, spherical 
and spiny. There are from 3 to about 50 carpels united into one gynceceum and 
placed round the summit of the axis which most frequently projects between 
them. There is only 1 style, which is generally divided into as many stigma- 
bearing branches as there are carpels (Figs. 445, 448). The fruit is a schizo- 
earp or capsule. Endosperm (Figs. 447 A, 451) scanty, often mucilaginous 
round the embryo^ which is rich in oil. 

The order is the most advanced type of Columniferae ; it stands especially 
near to the Sterculiacese, but is separated from these and from the Tiliacese, 
among other characters, by its 2-iocular (ultimately 1-chamberedj anthers. 
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I. Carpels in one whorl. 

A. The fruit a capsule, most frequently with loeulicidul 
dehiscence, and many seeds in each loculus. 

I. Gossypie.^. The staminal-column is naked at the apex, 
blunted, or 5-dentate . — Gossypitm (the Cotton plant) has an epicalyx 
of 3 large ovate-cordate leaves, an almost entire, low and compressed 
calyx. Solitary flowers. Large, most frequently yellow, corollas. 
A 8-5-valved capsule with many spherical seeds. Cotton ” is the 
seed-hairs developed upon the entire surface of the seeds (Fig. 
447), and consists of long, 1-cellular hairs, tilled with air (and 
therefore white) ; these are thin- walled, with a large lumen, and 
during drying twist spirally, and come together more or less in 
the form of bands. They consist of cellulose, and have a cuticle. 
— Hibiscus has several, most frequently narrow, epicalyx-leaves, a 
distinct 5-toothed or 5-partite calyx. — Ahutilon ; Modiola. 



■ ; A , ■■■■ B 

Fig. 44r . — A Seed of Gossyplmn with hairs ; B the same in longitudinal section. 


2 . Bombaceje. The staminal tube is more or less deeply cleft into bundles, 
sometimes almost to the base ; pollen smooth, style simple with capitate, lobed 
stigma. Almost all plants belonging to this group are trees, and in many 
instances have large barrel-shaped stems, that is, swollen in the centre, and 
sometimes covered with large warts. The wood is exceptionally light and soft. 
The flowers are often enormously large, and have beautiful petals; in some they 
unfold before the leaves. The capsule- wall is sometimes closely covered on its 
inner service with long, silky, woolly hairs, while the seeds themselves are gener- 
ally without hairs. These hairs, however, on account of their brittle nature, 
cannot be used like those of the Cotton-plant. Digitate leaves are found in the 
BaohahAree (Adansonia) from Africa, noted for its enormously thick, but short 
stem, and in the American Silk-cotton trees {Bomhaa;, EnodendroUy Chorisia), 
Ochroma, Cheirostcmon, Durio, and others also belong to this group. Burh is 
noted for its delicious fruits, which have a most unpleasant smell. 

[Bomhax malabaricim is dinlostemouous ; the five sepal-stamens repeatedly 
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branch, and the filaments bear unilocular anthers ; the five petal-stamens bear 
bilocular anthers.] 

B. Schizocarps, with 1-seeded fruitlets, most frequently nut- 
like and renifonn (Figs. 449, 451). 

3. MALVEiE, Mallow aiiOUP. The carpels are arranged in one 
whorl (Fig. 449) ; the number of stylar-branches equals that of 
the carpels ; fruitlets 1-seeded, reniform, indehiscent, but detach- 
ing themselves from one another and from the persistent central 
column (Figs. 450, 451),— MaZm has an epicalyx of 3 free leavei^. 
A flower with 2 suppressed bracteoles is situated in the axil of the foliage- 
leaves; one of these supports a homodromous foliage-shoot which foims a 
repetition of the main axis, the other an antidromous flower which continues 
the Iranching as a unipared scorpioid cyme,— Rose Mallow, has 
an epiccilyx of 6 — 9 leaves 'livtited at the hase. — Lavatcvd, Sideij Auood^ 
etc., have no epicalyx* 


449. 


451. 

Fias. U8-^i5l.—Malva silv 0 stTis, 

■ Fig. 448.— The flower after removal of the perianth ({-). Eig, §49.— The fruit (i). 

Fig. 450. — A fruitlet (f). Fig, 451. — The same in. longitudinal section. 

4 XJEENEiB, have always only 5 carpels arranged in 1 whoH, with 1 ovule 
in e’ach loculus, and the fruit a schizocarp, generally with nut-like fruitlets 
provided with warts and hooks ; but in some they dehisce by 2 valves (capsule). 
They differ principally from the other groups in having tmice as many sfylar- 
hramhes (^carpels ; the staminal tube is naked at the point, blunt or 5 toothed. 
—The genera Urena, Pavonia, Malachra, Malvaviscm (with berry -like frmts) 
belong to this group. 

II. Carpels arranged in a spherical head in five groups opposite 
to the petals. 

5 . Malope^, difier from all the others in having a large number of fruitlets^ 
arranged irregularly in a round head, and separating considerably from eac 
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. Fig-. -l!52.-- J.7ioda. liastata:*. a the bud just opened, the stigmas are concealed by the 
anthers;' 6 fully opened flower in -stage; the upper stamens are developed first, and 
then the others in descending order ; the stylai’-branches are now visible, 'and lie boriDback 
on the staminal column ; c all the stamens project upwards, and all the anthers are open, 
but the stylar-branches are still bent back; d the anthers are emptied and the filaments 
shrunk together, but the styles have now straightened themselves upwards, and the 
stigmas are in the receptive condition. 

DiSTRiBtJTiON. 800 species (63 genera), most of which are natives of the 
Tropics, esxjecially America. Alth(Ba and some of the species oi^lalva are 
natives of the temperate regions of the Old World, the latter is also found in 
North America. Gossypiwm is tropical, no doubt especially Asiatic {O, herhaceim 
from India"; G,' arboreum from Upper Egypt). Cotton was introduced into 
Greece in the time of Herodotus, and was cultivated in America before the 
arrival of the Europeans. ' 

Uses. Pungent and poisonous properties are entirely wanting ; mucilage, 
" on the other hand, is found in abundance in all parts of the plant. Medicinal : 
the root of Althcea officinalis^ leaves and flowers of 3iaZi?«-speeies (ill. silvestris 


other even before maturity ; there is, however, only 1 style, divuled into a 
corresponding number of branches (this condition may be considered to have 
arisen from the branching [dedoubiement] of 5 camds). Malope has 3 large, 
heart-shaped {Kitaihelia 6-9) epicalyx-leaves, united at the base. Palava has no 
epicalyx. 

PoLLixATiox. The majority have protandroas flowers, and are pollinated 
by insects. Between the basal portions of the 5 petals, there are o nectaries, 
protected from the rain by hairs, e,g, in Malca dlcestris. When the Hower tir&t 
opens the numerous anthers occupy the centre of the flower, and the still 
undeveloped stigmas are concealed in the staminal tube ; in the next stage the 
anthers are withered and empty, and the stigmas protrude and assume their 
places (Fig. 452). The large-flowered forms, it appears, are pollinated only by 
insects ; but self-pollination takes place in small-flowered forms, as, for example, 
in Malva rotandifoHa, in which the stylar-branches, twisting themselves, place 
the stigmas in between the undeveloped anthers. 
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rvlgaris and borealis) and Gossi/pwni.— The seeds contain a large quantity of /affy 
oil, which is in some cases extracted (Cotton-seeds and others). 27/e seed-hairs 
of the Cotton plant are the most important product of the order. The cultivated 
forms of Cotton belong to several species : G. harhadense, herhaceum, religiosum, 
arhoreum (Nankin), himutum, and others. According to other botanists, there 
are only 3 species. Bast is obtained from e.g. Hibiscus cannahiwus (Gambo-hemp, 
Africa), Paritium tiliaceum and Sida retusa. The fruits of certain species of 
Hibiscus (e.g, H. escideniU't, from Tropical Africa) are used in tropical countries 
as a vegetable before they are ripe. — The colouring matter in the flowers of 
Althcea rosea, var. nigra, is used for colouring wines, and hence is extensively 
cultivated in certain parts of Europe. — Ethereal oils and sioeet-scented fiowers 
are rare ; but several species possess a peculiar musk-like odour (Malcamoschata, 
Hibiscus ahelrnoschus, and others). — Many are cultivated as ornamental plants 
on account of the large flowers, e.g. Hollyhock (A. rosea, etc.), Lavatera 
triinestris, Malope grandifiora and trijida, d/aira-species. Hibiscus rosa sinensis, 
synaca ; Sphceralcea, etc. 

Family 14. Tricoccae. 

Tlie very large order Uuphorhiacece and three smaller ones 
belong to this family. They have in common : unisexual, hypo- 
gynous, frequently regular flowers, the perianth most frequently 
single, rarely double, or entirely wanting ; there is such a great 
variety in the structure and parts of the flower that one only can 
be cited as the rule : viz. the simple gynoeceum composed of 3 
carpels forming a 3-locular ovary, which is frequently more or less 
deeply grooved (hence the name, Tricoccoe) ; in the inner angles 
of the loculi are found 1 or 2 (never several) pendulous (except 
jFmpefraceo?), anatropous ovules, with upward and outwardly turned, 
frequently swollen, micropyle (Fig. 455). The seed most frequently 
has a large endosperm and a straight embryo (Figs. 455 B, 464). — 
The family approaches the nearest to the Gruinales and Columnifer® ; it may 
perhaps be regarded as an offshoot from the Sterculiacess. 

Order 1. Euphorbiacese. Flowers unisexual. In each of 
the loculi of the ovary, generally 8, there are 1 or 2 pendulous 
ovules with upward and outwardly turned mici'opyie. The placenta 
protudes above the ovules (Figs. 454, 461 B). On the ripening 
of the capsule the 3 carpels separate septicidally, frequently w-ith 
great violence, ejecting the seeds and leaving a central column. 
Endosperm copious. — For the rest, the flowers present all-stages, 
from genera with calyx and corolla, to those which are the most 
reduced in Mature, namely the naked, l-stamened flowers of 
Euplim*hia. 

The same variety which is found in the flower is also present in 
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tlie regetative parts. Some are herbs, as our Spurges, others are 
sli nibs and trees; some African A'?^p/mrHa-species even resemble 
the habit of a Cactus. Leaf-like branches with rudimentarv leaves 
are found in Fhyllanthiis (sub-genus XylophyIJa) (Fig. 456). The 
leaves are scattered or opposite, often stipulate; tliev are nearly 
always simple. Large, highly-branched cells containing a great 
quantity of pungent latex are found in many, and watery juice in 
others. Glands and glandular hairs are general. — Only a few 
o'enera can be considered in this book. 

As an -example of the most perfect flowers (which partly 
reproduce the Geraniaceous type) may be mentioned, Crolou, 
Manihot, and Jatropha ; 5 sepals, 5 petals, sometimes gamopeta- 
lous, androecium diplostemonous, or many-stamened, often mono- 
delphous. 



Figs, 4o3--i55.~Iiiiemus commit ni9. 

Fig. 453. •— S -flower (masnifled). Fig. 454. — $ -flower in longitudinal .<5ectlon. 

Fig. 455.— .4 seed entire ; B in longitudinal section. 


7?{ci'wi.9 (Castor-oil) (Figs. 453-455) ; monoecious; the “‘So^'^ers, 
situated in the lower portion of the inflorescence, have 5 peinanth- 
leaves and a large number of branched stamens ; the $ -flower 
has 3-5 perianth-leaves ; 3 bifid styles. Leaves peltate, palmately 
lobed. The seeds (Fig. 455) contain an abundance of fatty oil 
and large aleurone grains.— (Mercury) : the perianth is 
most frequently 3-merous; in the (J -flowers 9-12 stamens; in the 
? -flowens most frequently a 2-locular gynoeceum . — Fhyllantlms : 
Pr3-h3, A3, united in some and forming a column in the centre of 
the flower (Figs. 457, 458) ; Xylophylla is a section of this genus. — 
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Eura crepitans (Sand-box tree) bas a many-carpellate gynceceum, 
wliicli separates with great violence when ripe. — A. drupe is found 
ixiEippomane mancinella (the Mancinil-tree, W. Ind.).— ilZc/iornea 
(Coelehogyne) ilicif alia is well known on account of its ^‘partheno- 
genesis”; only the $ -plant has beenintroducedinto Europe, but it 
nevertheless produces seeds capable of germination; these have 
generally several embryos. 

JEupliorhia (Spurge) has the most reduced flowers, which are 

borne in a very complicated 
inflorescence. Each -flower 

(Fig. 460 B) is naked, and con- 
of one stamen only (ter- 
on the axis). In the 

closely allied genus AntJwstema, 
a small perianth is situated at 
ll place where, , in JEJ^iphorUai 

I there is a joint in the “fila- 

I! ment,” Fig. 461 -4). The ?- 

II flowers (Fig. 460) are naked, 

^ ^ 3-iocular ovary and 3 

iJi * bifid styles. (^Anthostema has a 

m 'm distinct perianth (Fig. 461 .B) ; 

wIH in a few Euphorbias traces of a 

llll perianth are present). In JEu‘ 

'* Hi phorb a the c?- and $ -flowers 

I i are grouped, into flow'^er-like in- 

■ '■■■'11 ' florescences, termed- ' “ cyathia.” 

: ■ Ill 11 Each cyathium consists of ,a, 

II I I centrally placed $ -flo\ver which 

II III is first developed, surrounded 

I 1| by 5 groups of (J -flowers (sta- 

i U mens) placed in a zig-zag, with 

a centrifugal order of develop- 

Eigs. m-~4.oS,-mvllanthus (Xylophylla) ^ 

angusHfolius. v ^ 

Fig. 456.-Leaf.like branch with flowers Ullipared SCOrpioid CymeS ; 

(nat. size). Fig. 467.— -flower ; and these flowers are surrounded by 
Fig. 468, o .flower (mag) . involucre of 5 leaves united 

into a bell-shaped structure (Fig. 459, 1-5) (resembling a calyx) ; 
on its edge are placed 4, generally crescent-like, yellow glands, 
one in each of the intervals, except one, betw’'een the lobes of the 
involucre (shaded in Fig. 459; see also Fig. 460 A). Scale-like 
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tliiE structures (floral-leaves ?) are situated between the J -flowers 
The $ -flower has a long stalk, and finallj bends down on one side, 
namely to the place on the edge of the involucre where the s'kind 
is not developed. These cyathia are again arranged in an infior- 
escence which commences as a 3~5-rayed umbellate cyme (pleio- 
chasium), the branches of which ramify dichasially and finailv a? 


Fig. 460,-~jEwpJio’j-bm lathyris ; A an (entire) inflorescence (cyathium) ; B tixe same after 
the removal of the involucre. 


Fig, 459.— Diagram of an inflorescence (cyathium) of Fig. 461. — Antlmtemn : 
Eiipliorhia with 3 floral-leaves, m,n, o, supporting other (-4) and ?-(B) flowers; p the 

cyathia which are subtended by 2 floral-leaves (brae- perianth; ai* the node; o the 

teoles; m, n). 1-5, the involncral leaves in their order ovule, 
of development; the shaded, portions are the crescentic 
glands. 

scorpioid cymes. — Latex, with peculiar-shaped starch -grains, is 
found in laticiferous cells (especially in the Cactus-like, leafless 
species.) 

205 genera ; more than 3,000 species ; especially in the Tropics.— Many are 
used on account of the oil, and of the pungent (aperient, poisonous, anthelmintic, 

W. B, , . , ■■■ F'F 





' FiG-s. 462-464 CalUtriGh& stagnalis. 

402.- 3 -flower with the 2 braeteolesan'Uhe solitary rtamen. Fia. 403.- 9 -flower. 

Fig. 464— Longitudinal section of tbe ripe fruit. 

L-der 3. Callitrichaceffi. Aquatic plants, growing at the bottom of 
u-,with opposite, simple, undivided, entire, exstipulate 
u'allv crowded and form a rosette in the apex of the branches. 
rmiserr(monmeious) and borne singly in the leaf-axils; they have n 
anth but are provided with two delicate bracteoles ; the ^ -flowers consis 

,. 463) which is originally 2-looular, but later rn 

3 of tire gynmceum of the Labiatm, by the formation of a false parUtm 
1; in each loculus there is 1 pendulous ovule with the 
wards, rmit a i-partite ulmoearp (Fig. 464). 25 specres.- 
Irderdf’l. Empelracem. 4 species. Empetnim; E. mgiinn ( 
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is a lieatlier-like, moorland, evergreen underslirub with linear leaves, having a 
deep groove closed with hairs, ou the under side. The erect oniles show the 
greatest deviation from the Euphorbiaeese. Dioecious (and J ) ; S3, P3 ; in the 
d .liower, 3 stamens ; in the ? -flower, a 6-9-locular ovary. Fruit a dnipe. 

Family 15. Terebinthin^. 

The diagram oE the flower (Figs. 465-467) is the same as In tlie 
Grninales, namely S, P, A2 and Gr in whorls of 5 (less frequent! v 
3, 4, 6, 8), and tlie same modifications also occur with the suppres- 
sion of the petal- stamens, etc. But a rlwj or sometimes cnp-Jihi 
tjlanilidar structure (disc) is found between the andra^eium and the 
gynoe^cenm (Figs. 465, 466). The flowers similarly are regular, 
hypogynous, J polypetalons, though exceptions are found to all 
these characters : thus, for example, united sepals and petals fre- 
quently occur, and, in some orders, unisexual flowers by the sup- 
pression of one sex. In most cases the flowers are small, greeni.sh- 
jellow, and arranged in paniculate inflorescences. The carpels (most 
frequently 5) are free in a few, but generally united into a multi- 
locular gynoecenm ; rarely more than 1 or 2 ovules in each loculus. 
The gynoecenm in the Anacardiaceje is so reduced that it has onlj^ 

1 fertile iociilns with 1 ovule. — The ovules are epitropous, i.e. ana- 
tropous with outward-turned raphe (except the Anacardiacem). — 
The majority of the species are trees and shrubs with scattered, 
often compotmcl (pinnate) leaves without stipules, and as in aclditioii 
they frequently contain aromatic^ especially tiirpeyitinedihe suhstames^ 
they assume a certain resemblance to the Walnut trees, and were 
formerly classed with them mainly on this account. In a serie.H 
of genera the volatile, scented oils are found in special glands in 
the bark of the brandies and in the leaves, in the latter case 
appealing as pellucid dots. This family includes several orders 
which are somewhat difficult to distinguish from each other. 

Order 1. Connaraceae. This order forms the connecting link between 
Terebintbinaj and Bosiflorae {Sphrea) as well as Leguminosie, 'with which they 
are sometimes classed. The flowers have 5 5-nierous whorls; 2 ovules in each, 
loculus; micropyle turned upwards. Fruit a follkle, rarely a collection* of 
follicles. Seed with aril. Shrubs with scattered (most frequently pinnate) 
leaves, without stipules. 170 species. Tropical. 

Order 2. Meliaceas. Trees and shrubs with scattered, often pinnate leaves 
without iiellucid dots and exstipulate ; the leaflets are nearly always entire. 
Flowers small in paniculate inflorescences. Calyx and corolla 4-5-merous ; 

2 whorls of stamens ; 3-5 carpels in the gynmceum. A very characteristic 
feature is the union of the filaments into a tube, on the edge of which stipule- 
like teeth are often found. There are most frequeintly 2 ovules in the loculi ; 
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fruit a capsule with many winged seeds in Swietema (Mahogany tree; Trop. 
Am.), Cedrela, etc. ; ben-ies in others. The wood of Cedrela is used for makmg 
cigar boxes. 550 species; tropical. 

Order 3. Rutaceae. Leaves glandular with pellucid dots. 
The type is the same as that of the family. Flowers 4-5-merous. 
The ovary is most frequently 4-5-grooved. Disc well pronounced, 
often appearing as a “ gynophore.” The majority are shrubs with 
alternate or opposite, compound, more rarely simple, leaves. 

A. The ovary is deeply 2-5-cleft with basal styles which are 
more or less united; the carpels in some genera are entirely free 
(gi'oups 1, 2). The fruit is capsular and most frequently dehisces 
like follicles along the ventral suture or septicidally, so that a 
horn-like internal layer (endooarp) separates elastically from the 
external layer. 

1. ZANTHOXYLEiE. Zctnthoxyluiu ^ Choisyct i Evodici. 

2. Boronie.e. Australia. — Correa, 

3. DiosMEa;. Heather-like shrubs; Africa.— Hiosnm, Coleonema, Empleiinm 
and Barosma. Ofeicinal : Baronina crenulata and ietulina, “ broad Buchu 
leaves ” (B. mratifoUa ani Empleumm serrulatum, “ narrow Buchu -leaves”). 



Fig. 466.— But®. Longitudinal section of flower. Fig. 467.— Bute. Floral diagram. 


4. Rbtebi. Buia (Figs. 466-467) graveolens is an herbaceous, 
glaucous, strongly smelling plant with bipinnate leaves and yellow 
flowers ; the terminal flower is 5-merons, the others 4-merous 
(S. Eur,).— Dtcfamatts; zygomorphic flower. The individual carpels 
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of the fruit separate from each other, and dehisce like foUicles, upon which the 
internal layer is detached elastically and springs out, carrying the seeds with it. 
Several species are ornamental plants. 

5. CnspABiE^. American. Flowers often zygomorphio with gamopetalons 
corolla; stamens 5.—Tkorea ; Galipea {G. qffieinalis; S. Am. ; “Cortex an- 
gosturae ”) ; Cusparia; Almeidea. 

B. The ovary is entire or only slightly grooved ; the .style is 
terminal, undivided. The fruit is most frequently a drui)e or 

berry. 


6. Tobdalie.®. Ptelea; winged fruit. The buds are enclosed in the leaf- 
sheath. Skimmia ; Phellodench'on, 



468. . ■ "tyo- 


Figs. 468-470.— Citrus vulgaris. 

Fig. 468, — Branch with compound leaves. Fig. 460.— Transverse section of fruit. 

Fig. 470.— Flowers (after the removal of the petals). 

7 . AuRAXTiEiE, Grange Group. Frait a berry with a leathery 
external layer. — The most typical fiower is found for example in 
Limonia-. S5, P.5, A5 + 5, G5 (2-6).— Citrus has 4-S-8-merons 
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floAvers, a gamosepaloas, dentate calyx, free petals, one wliorl of 
stamens wliich are split irregularly into several bundles (Fig. 470 ). 
The fruit is sunulHlootdar berry provided with a thick, tough, outer 
layer. The juicy pulp, which fills up the loculi and envelopes 
the seeds, is formed from many large-celled, juicy hair-structures 
which arise on the inner side of the walls of the loculi and by 
degrees entirely fill them up ; the dissepiments remain thin, and 
form the partitions so easily separating from each other (Fig. 
460 ). The seeds in many instances are remarkable for containing 
several embryos. The blade of the leaf is separated from the 
frequently winged stalk by a node (and hence is a compound leaf 
with only the tex^minal leaflet developed ?) (Fig. 468 ) ; in other 
genera, as Triphasia, there is a fully developed trifoliate leaf. 
Thorns are frequently developed. — The species of this genus, which is 
a native of the warmer parts of S. E. Asia, are very hard to separate. The 
differences are found in the forms of the fruit, the leaves and, the leaf-stalks, 
and in the number of stamens. Citrus medica, “ Cedrat ” (Ind.) ; C. limoimm, 
“Citron,” “Lemon” (introduced into Italy in the 3rd to 4th century). 
Officinal : the fruits and essential oil of Lemon. C. aurantiiim from E. Asia, 
the Orange (introduced into Italy in the 14th century). 0. vulgaris (Fig, 468), 
Bitter Orange (introduced into Europe at the time of the Crusades) ; the unripe 
Bitter Oranges, and peel of the Bitter Orange is of&cinal ; it is from the flowers 
of this species especially that the essence of Neroli is made. C. linuttay 
C. hergamiay Bergamot ; essence of Bergamot is officinal. C, decmnanay Pomalo, 
a native of the Islands of the Pacific. About 780 species ; chiefly tropical. 

Order 4. Burseraceae. Fruit a drupe ; 1-5 stones. The bark, as well as 
the other parts, contain strong aromatic resins and balsams, and hence 
several species are used : the Myrrh tree, Commiphora (Balsamode^idron) from 
Arabia and Africa; Officinal: Myrrhsi (Cormnij^hora myrrha). Mecca-balsam 
from C, opohaJsarmmi, Arabia ; E. Afiica. The Inceuse-tree [Boswellia) from tbe 
same parts of the globe and E. India. The incense of B. carteri is medicinal 
(Frankincense). The resin (Elemi) of Protiiim-speQies is officinal, and is used 
technically for varnish (S. Am.). Takamahaka- resin from Elaphriam (S. Am.) 
Froiiim {[cica) ; Amyris (1 carpel). 270 species ; tropical. 

Order 5. Zygophyllaceas. The majority have opposite, pinnate leaves with 
stipules. Leaves loithout pellucid dots. The filaments have a scale on the 
inner side. The most important is Guaiacuni officinale (West India), the wood 
(Lignum Vitse) of which is very hard and heavy, this wood and Guin-guaiacmn 
are officinal. Others have a peculiar repulsive smell and taste : the Creosote 
shrub (Larrea^ mexicana) and Zygophyllum simplex. Tribulus terresier is a 
common weed in S- Europe. Fagonia. Feganum harnuila (South of Eussia) 
yields a red dye. — 110 species ; especially in the Trojoics ; several species in 
sandy deserts. Nitrdria. 

Order 6. Simarubaceae, This order is distinguished by the abundance of 
hitter substances which it contains (Quassine) especially in the hark and tlie 
wood^ The oi Q^la$sia ainara (Guiana, Antilles) is officinal; Ficraena 
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exccli^ft yields JaBiciicci Qucissia; tlie bark of Siinavtiha^ Siw<i ha-specwB and 
others is used. Ailanthu,i glatidiU^^ is a garden plant (pinnate leaves, winged 
fruit).—110 species. Tropical. 

Order 7. Ochnacese. Flowers diplostemonous, S-merous. The unilocular 
ovaries, which are individually free, project considerably into the air around the 
gynobasic style; 1 ovule in each loculus; the fruitlets are drupes. Shrubs; 
leaves alternate, with stipules. Ochna; Ouratea,~^im species; tropical; 

especially American. 

Orders. Anacardiaceae. The ovary rarely contains more than 1 ovule, 
even though there be several loculi and several carpels; in Anucardlim all the 
10 stamens except one become suppressed. Eesin passages.— .4 The 
most peculiar feature is the development of the flower-stalk into a flesliy body 
about the form and size of a pear {A. occidentale from Trop. Am. and A, 
onentaU from E. Ind.) which bears the kidney-shaped nut (the so-called 
‘•‘Cashew-nut”) on its apex. Mattgifem i/idica .(the Mango-tree, from E. 
Ind.) is cultivated in several tropical countries on account of its delicious 
drupe. Similarly, species of Spondias (S, dulciSi Pacific Islands, S, lutea). 
Several species of Ehus are ornamental shrubs in this country, for instance, 
E. typhina (N. Am. ), E* cotiiius (the Wig-tree, the barren flower-stalks of the 
panicles being feather-like and hairy) ; E. toxicodendroii {VoiBonoxis Sumach, from 
N. Am.) is poisonous. Chinese galls are produced by the sting of a leaf-louse 
(Aphis chinensis) on E. semialata (Ohmo.), and Japanese wax is from the the 
seeds of E, siiccedanea (Japan). Considerable quantities of Sumach (it!, coriaria) 
are used in tanning and as a black dye. Ootcinal : the mastic resin of 
Pisiacia lentlsciis (the Mastic-tree, from the Mediterranean). The fruits of 
Pi&tacia vera (Syria) are edible ; P. terebinthus Mid others yield turpentine.— 
450 species ; tropical. 

Order 9. Icacinacese. Flowers 4-5-merous ; ha,plostemonous ; receptacle 
convex or cup-like surrounding the gynoeceum ; in the (single) loculus of the 
ovary, 2 anatropous, pendulous ovules.— 200 species ; tropical. 

Family 16. Aesculinse, 

The essential characters of this family are in the main the 
same as those of the Terebinthinse and Gminales. The flowers are 
iiypogyiions, perfect, with free petals, 5-merons (So, Po, typically 
A5 + 5, all of which, however, are not generally developed ; in our 
native orders there are only 7-8 stamens), and most frequently 
a 3-7neTo^cs, 34ocular gynceceum (less frequently 2 or 5 carpels with 
as many loculi). In each loculus there are usually only 1-2 
ovules, A deviation from the preceding families is the frequent 
zygo'M 07 'phy of the flower, with, as a rule an ohligue plane of 
symmetry (Fig. 471), TV^heti a diso is developed it is placed 
outside the stamens. The majority have no endosperm (Fig, 473). 
— The members of the family are nearly all trees. 

The family is closely allied to the Terebinthin^i but imlike this it never has 
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aromatic properties, and differs also in the position of the nectary, in the 
flowers, which are often irregular with a reduction in the number of stamens, 
and in the ovule which is usually ascending with micropyle pointing downwards 
(the Terebinthinae having the micropyle turned upwards), etc. It is also related 
to Frangulinae, the Staphyleace£e being the chief connecting link ; but the 
^sculinsB generally have compound leaves. 

Order 1. Staphyleaceae. Leaves opposite, often compound. Flowers 
regular, § , 5-merous in calyx and corolla, 5-stamened. The stamens are placed 
ouUide the nectary. Ovary syncarpous or 2-3-partite with free styles. The 
capsule is thin, bladder-like, 2-3-locular, opening at the apex, and has several 
very hard seeds with a shining testa without aril. Endosperm. Staphylea 
pinnata (S. Europe) and trifoUata (N. Am.) are cultivated in gardens; they 
have white flowers in pendulous, axillary racemes or panicles.— 16 species.— 
Staphylea is found in the Tertiary of N. America. 

Order 2. Melianthacese. G-laucous shrubs with scattered, pinnate leaves, 
and large stipules. Melianthus , — 8 species ; S. Africa. 

Order 3. Sapindacese. Trees or shrubs, often climbing by 
tendrils (Hanes with anomalous structure of the stem) and with 
compound leaves. The flowers, in most cases, are small, insigni- 
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radicle lies in a told, ot the testa, Fig. 473). Jd. Uppocastannm 
(Greece, Asia), introduced into cultivation about 300 years a<>*o ; 
the majority of the other species, e.g, pavia, etc., severafof 
which are. frequently cultivated in gardens, are from N. America. 
The flower of the Horse-Chestnut is adapted for bees, whose abdomen touches 
the anthers or style when visiting the flower. The flowers are protogynous. 

The other Sapindacem have most frequently 4 sepals, 8 stamens, various 
fruits (septicidal capsule, nuts with or without wings, schizocarp), etc. Ser- 
jania, Cardtospermum, Sapindiis, Koelreuteria, etc. (about 118 genera, 970 
species). The seeds of Pauliinia sorbllis contain eaflcine, and are used as 
“Pasta guarana,” in the North Western Brazils in the manufacture of a 
common drink. Nepheliiim (or Euphoria) litchi (with edible aril), and other 
species, from Asia. 

Order 4. Aceraceae. This order is so closely allied to the 
Sapindacem, that some authorities have classed it. with them. 
The main difference is 
in the regularity of the ^ 

flowers, and the 2-mer- 
ous gynoeceum (in ab- 
normal cases several 

carpels occur) . — They yw 

are trees, and, like the 

Horse-Chestnuts, have 

opposite leaves without 

stipules ; in Acer the 

leaves are palminerved, 

but imparipinnate in 

Negundo^ a plant fre- |! 

qnently cultivated in ^ t ^ 

gardens. The flowers 

are often unisexual, polygamous (some species have c?- and 
$ -flowers) ; sepals 5, petals 5 free, stamens 8 (that is, 5 + *5, but 
the two median ones are absent) inside a large disc. Fruit a 
samara (schizocarp) with 2 winged, nuihUke fruitlets (Fig. 474). 
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Fia. 476. — Diagram of Fol-y- 
gala t d a gland in the posterior 
side of the flowery <t and/3 the 
two caducous hracteoleS. 


In eacli of the 2 loculi of the ovaiy are 2 ovules. Embryo curved, 
with thin, folded cotyledons. EndOvSperm absent.—Tlie inflorescences 
are racemes with a more or less elongated main axis and terminal flower (wliich 
sometimes has 10 stamens); when the lateral branches are developed they are 
similar to the main axis. In some species both corolla and petal- stamens are 
suppressed. Acer is pollinated by insects, Negimdo by the wind.— 88 species; 
Korth Temperate zone. Jeer in the Tertiary from the Oligocene. The follow- 
ing are native plants: Maple {Acer camgjestre), Sycamore (A. pseudoplatanus, 
doubtful native). Important as avenue trees and timber. Sugar is obtained 
from the spring sap of the Sugar Maple (N. Am.}. 

Order 5. Malpighiacese. A tropical (especially American) order closely 
related to the Aceraceae, having often the same form of fruit (but 3-partite). 
Some species are lianes with anomalous stem- structure Leaves opposite. The 
lioAvers are regular or obliquely zygomorphic (the plane of symmetry passing 
through sepal 3, with S5, P5, A5 + 5, G3; 1 pendulous ovule in each loculus. 
Important characteristics for identification are the numerous grandular struc- 
tures on the sepals. Peculiar 2-spined hairs are found in some. Malpiglda, 
Bunchosia, Galpldmia, TetrapterU, HeteropU ris, etc.— -About 600 species. 

Order 6. Erythroxylaceas. Sepals 5, petals 5 (with a ligular corona), 10 
stamens in one bundle. Gynoeceum 3-locular. Fruit a drupe. Tropical 
(especially American) trees and shrubs, the Coca-plant {Brythroxy Ion coca) 
being best known. Its leaves are considered by the inhabitants of Chili and 
Peru to be one of the indispensable necessaries of life ; they are chewed, and 
possess intoxicating, exhilarating properties, and contain the alkaloid cocaine, 
w^hich is frequently employed as a local anassthetie. — 103 species ; chiefly in 
America. 

Vochysiaceae. Trees; Trop. Am. 1 stamen. — 140 species. 
Trigoniacese. Shrubs; Trop. Am. — 30 species. 

Tremandracese. Polygalacere with regular flowers. — 27 species. 


Order 7. 
Order 8. 
Order 9. 
Australia. 


Order 10. Polygalacese. Herbs or sbrubs (some tropical 
species are lianes) with scattered (rarely opposite), simple and 
most frequently quite entire leaves, withoi:it stipules. The flowers 

are usually borne in terminal spikes or 
racemes, and are strongly zygomorphic 
{the plane of symmetry being median)', 
they have 5 free sepals, the 2 lateral 
ones of which (4 and 5 in Pigs. 475, 476) 
are very large, pefaiozW, and frequently 
project on each side like the “ wings’" 
of a Pea- flower; petals 5, of wdiich the 
two lateral ones ai’e wanting or rudi- 
mentaiy (dotted on Pig. 475), and the 
anterior heel’' (Fig. 476- c) is large, 
hpllow and boat-shaped, and frequently 
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a lobed or fimbriated edge (Fig. 476 .4 and B,c) ; stamens 8, 
the two median ones being absent, all united into a tube split 
along the back, which is also slightly united to the keel (the; 
anthers, often 2 iocalar, open hy pores, Fig. 476 the 2 medijiu 

carpels form a bilocular ovary. 1 pendulous ovule in each loculus 
(Figs. 476 0, 475) ; capsule compressed with loculicidal dehis- 
cence, rarely a nut. Poly gala (Milk- wort). 

• 470 species ; distributed over the whole globe (none Arctic), Officinal : the 
root of F. sew^ga, from N. Am. Some are used as ornamental plants. 

Pollination. The flowers of Poly gala are pollinated by insects (chiedy l,>ees) . 
The fimbriated processes of the anterior petal support the insect when it alights. 
The anthers lie on each side of the stigma in the pouch of the anterior petal ; 
the apex of the style is spoon-shaped, and immediately behind it is a viscid 
stigmatic lobe. In reaching the honey the proboscis of the insect must come 
in contact with the pollen and the viscid stigma, by which it is rendered sticky ; 
this ensures the pollen adhering to the proboscis and so being carried to other 
flowers. 



Fig. Polygala amara. Parts of the flower (mag.) A Flower from side, 1-5 sepals : 
c keel; B flower from above spread out : st the 8 stamens ; « fimbriated edge of “keel”; 
C ovary with style and stigma. 

Family 17. Frangulinse. 

The plants belonging to this family, with very few exceptions, 
are trees or shrubs. The leaves are usually simple ; stipules may 
he absent or present. The flowers in almost ail the ordens ai’e 
small, green or whitish ; they are always regular, 4- or B-merous w'ith 
2-5 but never have more than 1 whorl of stamens, which 

in PJiamnacecB and Ampelidacece are placed opposite the petals 
(typically 5-f 5 or 44-4 stamens, of which however either the ex- 
ternal or internal whorl is always wanting) ; liypogynous or 
Kslightly perigynous, in Bhamnacece only strongly perigynous or 
epigynous ; generally ^ ; the calyx is inconspicuous ; petals free or 


"a 



Fig. ^77. aquifolium. 
uiagnifled flower. 
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slightly united. GyiiCBceum simple ; ovm-y generally multllocnlar ; 
style short or entirely wanting. A disc is nearly always developed 
in the flower, but is found sometimes inside the staminal whorl, 
sometimes outside it or betw^een the stamens. The ovules are 
apotropous (anatropous with dorsal or ventral raphe). 

Order 1 . Celastraceas. Uuoyiymus em^o^cea (Spindle-tree) may 
be chosen as a type. It is a shrub with simple, opposite leaves 
and small caducous stipules. The small, greenish-yellow flowers, 
borne in regularly- branched dichasia, are regular, ^ , with 4 whorls, 
4- (or 5-) merous in regular alternation. There is a thich disc 
upon which the polypetalous corolla (imbricate in the bud) and 
the stamens are borne, with a slightly perigynous insertion. The 
style is short and thick ; the ovary has 2 erect ovules in each 
loculus. The fruit is a red, 4-valvate capsule with loculicidal 
dehiscence ; the seeds are few in number, and have a large, red- 
yellow aril (developed from the micropyle). Embryo green, in a 
large, fleshy, white endosperm. The dingy yellow flowers are generally 
visited only by flies and ants for the sake of the honey secreted by the disc, and 
while they run about on the flowers they touch the anthers and stigmas, now 
with one part of the body, now with another. The flower is protandrons. The 
stigmas are not developed till several days after the opening of the anthers.— 
Celastrus, Ccmine^ Catha^ etc. 

38 genera ; 300 species. Distributed over the entire globe, with the exception 
of the colder districts, and especially in the Tropics. Some are ornamental 
bushes {Ruonymm japonica). The leaves of Catlia edulis are used by the 
Arabs and Abyssinians in the same way as those of Coca by the Peruvians. 

Order 2. Hippocrateaceae. 150 species; tropical; chiefly lianes. So, 
P5, A3, G3. Anthers extrorse. 


Order 3. Aquifoliacese (Hollies). The genus Ilex forms 
almost the entire order. (175 species out of 180; especially from 

S. Am.) They are shrubs or trees 
with scattered, leathery, simple 
leaves (in Ilex aquifolmm^ spiny) 
with very small stipules. The 
flowers are small, white, and borne 
in few-flowered inflorescences in tlie 
axils of the foliage-leaves ; they are 
most frequently unisexual and dioe- 
cious. There are 4-5 sepals, petals, 
stamens and carpels in regular al- 
ternation ; the calyx and corolla 
have their leaves slightly connate; 
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stamens slightly adnate to the corolla; the ovary is generaliv 
almost spherical with a thick, sessile stigma (Fig. 477). This 
order deviates especially from Oelastracem in the absence of the 
disc and in having only 1 {^pendulous) ovule in each of the 4 
loculi of the ovary, and in having a drupe with generally 4 stones. 
Emhi’yo extremely small, at the apex of the large endosperm, with 
the radicle directed up v ards. 3 genera. — if. uquifolhim (Holly) principally 
on the coasts of European countries ; from Norway to W. Denmark, and further 
westward. It is a common garden shrub with stiff, shining leaves and red fruits. 
Several South American species contain so much caffeine that they may be used 
as a beverage in the place of tea (I. paragiiayensis, Paraguay tea, or Mate). 
The Holly does not contain caffeine. 

Order 4. Ampelidacese (Vines). Shrubs with the stem 
swollen at the insertion of the petioles and climbing by tendrils 
home opposite the leaves (Figs. 478, 479). The leaves are scattered 
(generally -1), stalked, stipulate, frequently palminerved and iobed, 
divided or compound. The small, greenish flowers are generally 
borne in paniculate inflorescences^ tchose position is the same as that 
of the tendrils (Fig. 478) ; they are hypogynous or slightly peri- 
gynous, 5? with 4-5 sepals, petals, stamens (which, as in the 
Rhamnese, are opposite the petals ; Fig. 480 .S) and 2 carpels. The 

calyx is very small, entire, or slightly dentate ; corolla valvate, and 
in some falling off as a hood, since the individual parts remain 
united at the summit (Fig. 480 A). Between the stamens and 
gyncBcenm is situated an hypogynous disc^ with 5 lobes alternating 
with the stamens (Fig. 480 A, JB, ffl). In each loculus of the 
2-locular ovary there are 2 erect ovules {B) ; the style is short or 
wanting. The fruit is a herry. The embryo is small and lies in 
a horny, sometimes slightly folded (ruminate) endosperm (Fig. 
480 0, B). 

Vitis and Ampelopds {5-merous flowers) ; Oissus (4-merous flower) ; Leea 
{without stipules, corolla gamopetalous). The inflorescence in I^temanthen 
(E. Ind.) has a peculiar, flat, leaf-like axis, on the edges of which d" -flowers 
are borne, and on the surface ? -flowers. 

The TENDRILS in Ampelidacese are modified branches, since they bear leaves 
and may be abnormally develojped as branches with foliage-leaves, and flnaliy 
the inflorescences are borne in the position of the tendrils, and tendrils are met 
with which are partly inflorescences. The explanation of the position of the 
tendril, namely, right opposite the foliage-leaf but without a subtending-leaf, 
has been much disputed. The relative positions are as follows : in Vitis vinifera 
the following two kinds of shoots and relative positions are found (the other 
species deviate in one or other particular), ( a ) Loxg-branches, which have 
2 scale-leaves and a large number of foliage-leaves with a divergence of ^ ; 
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opposite tlie lowest 3-5 foliage-leaves no tendrils are found, then follow: 2 
foliage-leaves with tendrils, 1 without a tendril, 2 with and 1 without, etc., 
with great regularity. Buds are developed in the axils of the foliage-leaves 


Eigs. 478-18X.— Fitifl mui/era. 

Fig. 478. — Branch, with htmoh of grapes. 

Fig. 479.— Diagram of the position of leaf and tendrils. The branch is divided info 
sections on the sympodial theory (the successive generations, I, II, III, IT, are alternately 
white and shaded) ; h buds. 

Fig. 480.— .4 Flower throwing olf the corolla ; B flower after the removal of the corolla; 
C, B longitudinal and transverse section of seed ; E longitudinal section of gynoeeeiitn ; s 
calyx. 

FIG.4S1.— Diagram of branch and position of leaves; si tendril; It the main axis; a,v 
stipules of the foliage-leaf shown below; axillary -bud (the dwarf-branch); v its fore- 
leaf; Zj its. first , two foliagedeaves with their stipnle.s; ZZ^ long-branch in the axil oft? 
.(everything appertaining to this branch is entirely black) ; i\ the first leaf of this branch. 
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(Fig. 479): these develop into (/>) dwaef-biunches, which commence with 
1 laterally-placed scale-leaf (fore-leaf ; Fig. 481 i?) succeeded by several 
foliage-leaves with a divergence of J (in a plane at right angles to th it of the 
motber-shoot), but the wdiole shoot is extremely smidl, and often dries up and 
drops off in the autumn, so that only the scale-leaf, ‘i\ with the bud (Fig. 481 
It^) in its axil remains. This bud in the following year deveiopes into a xiew 
long-branch,, and since its leaves lie in a plane at right angles to that of the 
dwarf-branch, their plane coincides with that of the long-branch from which it 
is developed (the grandmother axis). — The tendrils no doubt may most correctly 
be regarded as the modified main axis which has been pushed aside by a lateral 
branch. The branches are then sympodia, whose successive shoots bear al- 
ternately 1 and 2 foliage-leaves : thus, on the figure there are portions altogether 
of 5 shoots (I.-V.), the 1-leaved ones are shaded, the 2-leaved ones are white. 
The following facts however are adverse to this theory: (1) the first leaf on an 
axillary bud is then situated 180^ from the. subtending-leaf (e.g, the lowermost 
shaded leaf, Fig. 479, 180^ from the lowermost white leaf), whilst the rule in 
the Dicotyledons is that it is placed only about 90^ to one side. (2) The buds 
(Fig. 479 K) from which the dwarf- branches develop, must then be accessory 
and sister- buds to the sympoiial shoots, but their first leaves hav^ a difierent 
relative position to this, which is very peculiar, and a still more remarkable 
fact is that the buds, 7i, etc. ate similar in structure and present in all the a.riU; 
thus we only find accessory buds in the cases where no tendrils are opposite 
to the leaves, and the main bud must then be considered to be suppressed. 
(3) The development proves that the tendrils arise on the side of a vigorous 
growing-point of the stem or by its division, and do not develop, as might be 
expected, front the apex of . the shoot. But these relations however, find their 
analogues and are all capable of explanation, whereas other less natural modes 
of explanation are opposed to them. 

435 species ; especially in the Tropics ; they are rarer in America. In 
N. Am. some Fftiv-speeies and Ampelopda qumquefolia are found. Vitis 
vinifera is supposed to have originated in the districrs East and South of the 
Caspian Sea. Wine is obtained from Ffa^'-species, especially r, tiuiferUf and 
** raisins,’^ — (the name “ currants,” given to a special variety with small, seed- 
less fruits, is derived from Corinth). —The si^eciej of Ampelopais (\irgiiuan 
Creeper) are cultivated as ornamental plants. 

Order 5. Rhamnaceae. The stamenh' are placed opposite the 
petals as in the Ampelidace^e (E’ig. 482), but the liower.s are much 
more perigynous or entirely epngynom. The trees and shrubs be- 
longing to this order have simple, most frequentij pcnninerved 
leaves with stipules ; frequently thorn j (modified branches). The 
flowers are inconspicuous, sometimes unisexual (Fig. 482), and 
have 5 (“4) sepals, petals, stamens, and generally 3 carpel.^. 
The calyx has valvaie lestivatiom The petals are very small 
(generally less than the sepals), otten spoon-like, iioilow, and em- 
bracing tlie stamens; a disc comrs the inner Btirf ace oj the thalanim 
or the base of the style .in the epigynousfio.wer ; gjnceceum simple, 
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with one stjle and one erect ovule in each loculus. The fruit is 
most frequently a drupe. The embryo is large, often green or 
yellow, with endosperm. 

Bhamnus (Buckthorn) has a juicy drupe with 8 (2-4) stones, 
surrounded at the base by the persistent portion of the receptacle ; 
the disc is thin. B. cathartica (common Buckthorn) : dioecious, 
with opposite, serrate leaves. B. frangtda (Alder BnckthoTn) : 
flowers 5 , with scattered, entire leaves.— Ceanothus {N. Am., with 
richly-flowered inflorescences and a fruit closely resembling that of the 
Euphorbias). Phylica, Pomaderris (Austr., fruit a capsule), ZizyphtiSt Paliurus, 
Colletia (S. Am.) are thorny shrubs ; G. has thorny shoots with small, 

caducous leaves ; the seedling has normal foliage-leaves. Others climb by 
tendrils as in the Ampelidaceae, 


Fig-. 482. — Rhamnus cathartica: A long-styled d -flower; petals; B sbort-styled 
cj -flower; C long-styled ? -flower; I) short-styled $ -flower (after Darwin). 

475 species, 40 genera ; chiefly in temperate and tropical climes. Some are 
medicinal plants, the bark and fruit having purgative properties (the hark of 
Rhaimius jranyula and “ Cascara Sagrada” from the hark of B. purshiana are 
officinal). The fruits and seeds of others are edible, for example, the fruits of 
Zizyplius lotuSi Zi. vulgaru^ Z. spina Christi, etc. Green and yellow dyes are 
obtained from the fruit of JR. cathartica, infectona and others (Avignon grain). 
Ceanothus-, Bhamnus- and evergreen P/r^Ztcu-species are ornamental shrubs. 


Bamily 18. Thymelseinse. 

Exclusively trees or shrubs with simple, entire, scattered leaves 
without stipules. They have a strongly perigynous^ regular, 4- 
merous flower. The receptacle (often coloured) envelopes a simple 
gynoeceum formed of 1 carpel and with, in most cases, 1 ovule, bear- 
ing on its edge 4 (or 5) petaloid sepals and, but rarely at the same 
time, small, scale-like petals. The corolla is most frequently 
entirely wanting (and hence these plants vrere formerly reckoned 
among the MonochlamydeaB) ; frequently only one of the 2 whorls 
of stamens, which are situated on the inner side of the edge of the 
receptacle, is developed. The fruit is most frequently al-seeded 
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berry or drupe, or a nut whicli may be falsely berry-like, the 
partly persistent receptacle being liesby and enveloping it. 

This family appears the most nearly allied to the Frangnlinas, especially the 
Rhamnaceffi, and may be considered as a further development of these in the 
direction of the petaloid development of the receptacle and reduction of the 
corolla and gynoeceum, which in this instance only consists of one carpel. 
Another deviation is that both the whorls of stamens are present, while one 
of these is always wanting in Frangulinie. They also appear to be related to 
the Lauracese (see page 391), 

Order 1. Thymelasaceae. The flowers are most frequently ? 
(Fig. 483). The receptacle is high, generally tubular, coloured, 
and bears on its edge the 4- (or 5)-merous calyx, with imbricate 
jBstivation. The corolla is wanting or is represented by small 
scales. The stamens are situated on the inside of the receptacle, 
and number 4 + 4 (or 5 + 5); stigma capitate. 1 pendidom ovule 


Fig. 4S3.-~Dap7Lne mezerciati : JL flower; B lonpritutUnal section of pistil, 

(Fig. 483 B), the radicle pointing npicards. The fruit is most 
frequently a berry. A disc is sometimes developed. Endosperm wanting 
or very slight. 

Daphne (KSpurge-Laurel, Fig. 483) has a deciduous receptacle, 
often coloured ; sepals 4 ; petals absent ; stamens 4 + 4. Berry.— 
Gnidta (corolla) ; Fimelea (2 stamens) ; Thijmelma ; Fusserma ami 
others. 

400 Species ; chiefly in the warm, sub-tropical zone, especially the Cape and 
Australia. Only Daphne and Thymel^sa in Europe. In the fruit and bark of 
some, for example pungent, burning and poisonous properties are found. 

The bark of i>, mezereum (native and cultivated) and D. laureola is oflicinal. A 
specially tough bast is found in some species, for example Lapeiia hntearia 
{Lace4ree, Jamaica), which is used in weaving. Some are cultivated in gardens 
as ornamental shrubs, especially species of Daphne, 

Order 2. Eiseagnaceae. Shrubs or trees, which are easily 
recognised by the covering of peltate hairs found upon almost all 

W. B. ' . ■ ^ 
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parts of the plant, causing them to assume a silvery or rusty-brown 
appearance. Stipules are absent ; the leaves are simple, most fre- 
quently scattered. Flowers (Figs. 484, 485) frequently unisexual. 
The sepals are valvate, 2-4 ; the cwolla is wanting ; stamens 44-4 or 
04-4. The ovule is erect and the radicle turned dotonwards (Fig. 486). 
The fruit is a «Mf, but becomes & false fruit, being surrounded by 
the persistent receptacle or the lower part of it, and thus assuming 
a berry- or drupe-like appearance (Fig. 486). Endosperm insig- 
nificant.— jSAep/mrdia (opposite leaves) has 4 sepals, 4 4-4 stamens, 
as in Daphne. Biaeowas.—Eleeagnus (Silver-leaf) is g , has 4-6 
sepals, and 4-6 stamens alternating with them. Eippophaii is 
dicecions; it has 2 sepals and 4 stamens in the cJ -flower (perhaps 
properly speaking 2 4- 2 stamens) ; thorny (stem-stmctures). 

16 species; especially ornamental shrubs. e,g* Blcsagnus argentea^ angxisti- 
folia', Hippophae rhamnoides and Shepherdia canadensis. Northern Temp. 


Fios. 484-486.--JSI®a£f»iu« anj/wstijrolta. 

Fig. 481— Floral diagram. Fig. 485.— Longitudinal section through the flovi-er. 

Fig. 4S6.— Longitudinal section, through the fruit. 

Order 3 (?). Proteaceae. This order has its chief centre in the dry regions 
of Australia of about 1,000 species), a smaller number in S, Africa 

a few species in S. Am. Trees or shrubs, leaves generally scattered, without 
stipules, and more or less dry, leathery, evergreen, and often of very different 
forms on the same plant (undivided, compound, etc.) The flowers are 5 
(rarely unisexual), and i-merom in the single, petaloid perianth and in the 
stami'nal whorl; 1 carpel; sometimes zygomorphic. The perianth-leaves are 
generally almost free, with valvate aestivation, often leathery. Small scales 
alternating with the perianth are often found at the base of the ovary. The 
stamens generally have extremely short filaments, and are situated opposite, 
sometimes quite on the tip of the perianth-leaves, in a spoon-like groove. The 
gynceceum is 1-locnlar, has l-several ovules, and is often raised on a stalk -like 
internode. The fruit- is a follicle or nut. The seeds, most frequently winged, 
have no endosperm. —Profea, Manglesia^ Eakea^ Banhda, G-revillea, etc. 
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50 genera ; about IjOOO species. Several species are cultivated in our con- 
servatories for the sake of the flowers, which are beautifully coloured and 
arranged in crowded inflorescences. Protandrous. It is doubtful whether they 
were existent in Europe in the Tertiary Period. The true systematic position 
of the order is doubtful. They are related to the Leguminosic and Eosiflorje, 
but more closely no doubt to the two preceding orders. 

19. Saxifraginae. 

The hower is generally pei'fect, regular and. poiypetalous, 
•usiialij perigynous or epigynous^ eucycUc and o-merous ; most- fre- 
quently S5j P55 A5-1-5 or 5 + 0 and G2 — 5, but other numbers 
are found, especially 4 ; the flowers are very frequently obdi- 
plostemorious. The calyx is sometimes large and the corolla 
small ; the carpels in some are entirely free, in others more or 
less united. Endosperm is found in the majority. The hypogynous 
forms approach the Cistiflorie, the others the following families, especially 
the Eosifloras. This family is not, upon the whole, so well defined and natural 
as most of the others. The Saxifragacesc proper, approach very nesr to the 
Rosaceffl, especially Spiraa, and form a transition to it. The forms with op- 
posite leaves, as Philaddphu>^^ etc., approach the Myrtifloras. just as the Escal- 
ionitie appear to be closely allied to Bicornes, especially Va€ciniace(S. Finally 
through Pittosporaceae , they pass over to the Franguliuse. The family ter- 
minates in very reduced forms, on the one hand in the arborescent orders with 
crowded inflorescences, on the other perhaps in the very remarkable order 
PodostemacecB. 

Order 1. Crassulaceae. IDTearly all are herbs or small slirubs 
with round, succulent branches and scattered, fleshy^ often more 
or less round leaves, which are very rarely incised, and never 
have stipules. The flowers are generally 
borne in dichasia or unipared scorpioid 
cymes, which again may be arranged in 
racemes, umbels, etc. ; they are regular, 

5 , hypogynous or peryginous, and most 
frequently have free sepals and petals 
(gamopetalous corollas with sessile sta- 
mens are found in Cotyledon^ Bryophyllum^ 

Echeveria, and others) ; the floral formula 
ivS Sn, Pn, An + n, Gn, where n may have 
very different values, partly depending 
upon the size of the flower (e,g. 4-7 in 
Sedain^ Fig. 487 ; 6-30 in Sempervwum ; 

4 in Ehodlola^i Bryophyllum, and Kcdunchoe ; 5 in Echeveria, U-m- 
hilicus, Cotyledon). The carpels free and are placed opposite the 
petals (Fig. 487). Fruit a syncarp composed of follicles containing 


# 


n> 


Fm, m7. — Diagram of a 
S-iaerous flower (S&ditni 
paiiicum) ; w branch of scor- 
pioid cyme in the axil of the 
bracteole j^. 
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iniall seeds without endosperm. Outside each carpel is 
small, nectariferous scale (Fig. 487). The northern genus, 
The petal-stamens are wanting in some (Cra>isula, 
The floral-leaves are very often displaced upon then 
A multicarpellary gynoeceum also occurs, 

generally 5-merous with 10 stamens ; Sem- 
(House-leek), 12-merous, and with 24 stamens, 
•eadily form buds, and also fre- 


many, s' 
found a 

Ehodiola, is dicecious. 

BulUarda, and others), 
axillary branches. 

Sedim (Stonecrop) is 
pervivmn tectorum 

The leaves of Brijophyllum cahjainim very r 
quently exude water from the edges. 

4S5 species ; especially Temp. (Cape, Europe). Principally used as orna- 

mental plants. 

Order 2. Saxifragacese. The flowers are 4--5-meroiis with 2 
(-3) carpels, most frequently: S5, P5, A5-f5 (ohdiplostemonous), 
G2. They are regular, ^ , polypetalous, hypogynous, perigynous 
or most frequently more or less epigynous (Fig. 488). The carpels 
may he individually quite free, but are more frequently united at 
the base, or the entire portion enclosing the ovules is united into a 
1- or 2-locular ovary, the styles, however, are always free. Frint 
a capsule with many seeds ; endosperm present. — They are herbs, 
most frequently with scattered leaves without stipules ; hut the 
leaf-base is broad. The inflorescences are most frequently cymose, 
and a displacement of the floral-leaves is frequent (e,g. Ohnjsos-, 
plenium). — Some Saa:i/ra/ 7 a-species, e.g, S. mnnentosa, have irregular flower 
with an oblique plane of symmetry. The petal-stamens in some may be 
• TTfiii/>.h.pra, R-\-)ecieB ot Saxifraaa and Mitella. The corolla is wanting 


8a:>nfraga (Saxifra-ge) : S5, P5, A5 + 5, G2 (Fig. 488) ; capsule 
bilocular, opening along tlie ventral suture between the 2 per- 

sistent styles. S. granuUta has small 

P T r\ tubers at the base of the stem.— CAr?/- 

^ so.sjpZeT'z-wm (Golden Saxifrage) : 4 

sepals, 710 corolla 4 + 4 stamens ; 

L| / Protandry is most frequently found in 

Saxifraga, with the stamens successively 
\ f bending towards the gy ncecemn ; protogyny 

U is niore rare. In other genera there is 

Fig. 483.~SaA:i/mga grmivXata. Longi- protogyny without any movement of the 
tudinal section of flower. stamens ; Chrysosplejiimn is homogamous. 

—About 300 species; mostly in temperate climates. Saxifraga is especially 
Alpine. 5. crassifolia and other species, Hoteia japonica, Tellhna, etc., are 
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Tlie./followiiig genera .are allied to. the 'Saxifragacea) : — 

1. Farfiassia (about 14 species ; P. Grass of Pai*- 

iiassns). The flower is slightlj perigjnous, and has S5, Fo, 5 
fertile sepal-stamens, and 5 petal-stamens, which are developed as 
barren staminodes, palmately-lobed, and (3~) 4 carpels united in a 
1-iocular ovary with (S-jd parietal placentae. Capsule. — Protantirnus. 
The flower has a slightly oblique plane of symmetry, which is especially 
shown during its development and in the order of sequence in wluch the 
anthers dehisce : originally they lie closely round thegynmceum; the anthei's 
dehisce extrorsely, first the one which is placed opposite the most external 
sepal (the I arrangement is very distinct in the calyx), the filament elongating 
so that the anther lies over the ovary, and this is followed successively by tlie 
4 others in a zig-zag line ; the filaments bend backwards after the pallen is shed 
and the anthers drop oft’, and the sti^imas are not developed until this is com- 
pleted. The barren stamens are palmately divided into an unevcui number 
( 7 , 9 , 11 ) of lobes, tapering from the centre towards the edge, and bearing 
apparently glandular tips; their gland -like appearance is supposed to allure 
flies to visit the flower, or they may act as a kind of fence which compels tlie 
insects to enter the flower in a certain way, and thus effect pollination ; the 
honey is secreted on their inner side, and not by the gland-like tips. 

2. Ado.va moschatellina (Moschatel). This is a perennial, creeping 
herb ; the horizontal rhizome has an unlimited growth, and bears, 
in a scattered arrangement, both foliage-leaves, and white, fleshy 



Fig. 4S9. — Forfclon of Caphalotm folUcularist : k pitehor-like leaf wiUi thick corrugateil 
edge (m) ami lid (1) j h foliage-leaf of the ordinary form. 

scale-leaves. The aerial stem bears 2 opposite foliage- leaves and a 
capitate inflorescence of 5 flovirers, 4 placed laterally (in opposite 
pairs) and 1 terniiiially. The flowex*’ is semi-epigynous, the calyx 
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ga-mosepalous, corolla absent. The stamens are divided to the 
base, so that each filament bears a bilocular anther. The style is 
free, deeply cleft. The terminal flower has 2 bracteoles, 4 sepals, 
4 stamens, cleft to the base, and a 4'iocular ovaiy. The bracts 
of the lateral flowers are displaced on the flower-stalk, as in 
Chrysosplenkim, and united with the 2 bracteoles into a kind of 
8-leaved involucre ; these flowers have 5 sepals, 5 split stamens 
with 2-iocular anthers, and a 5-locular ovary. 1 pendulous ovule 
in each loculus. Fruit a drupe, green -coloured, with 1-5 stones. — 
This plant, which would perhaps be best placed in a special order, 
has also been classed with the Araliacese and Caprifoliacem. 

The following are also allied to this order : Escalloniacecs (arborescent plants 
with simple, scattered, leathery leaves), Cunoniacece (arborescent with opposite 
leaves), Cephalotacem (with pitcher-like, insect-catching leaves ; Australia ; 
Tig. 489) and Frayicoacecd. These have respectively 85, 107, 1 and 8 species. 

Orders. Ribesiaceae (Currants). 5-stamened Saxifragaceai 
wdth epigynous flowers. — Moderately sized shrubs with scattered, 


490. 


491. 

Fxas. 490-493 , — Mhes ruhrum. 


492. 


Fkj. 490.“PIoral dia^am. Pm. 491.~Plower in longitu dinal section. 

Pm. 493.— -Seeds in longitudinal section. 

stalked and palminerved, and generally palmilobed leaves, with a 
large leaf-sheath. The flowers (Figs. 490, 491), most frequently 
borne in racemes, are regnlfir, epigynous, and have often, above the 
ovary, a cup- or bell-shaped, or tubular prolongation of tlie recep- 
tacle, on which the sepals, petals and stamens are situated ; they 
have 5 sepals (often large, coloured), 5 small, free petals, only 6 
stamens (opposite the sepals) and a S-carpellate gynoeceum with a 
unilocular ovary and 2 parietal placentjB bearing many ovules. The 
fruit is a berry, whose seeds have a fleshy and juicy outer covering 
(Fig. 492) . In some species, for example Mibes grossularia, there is fotxnd 
an unbrancbed, or a 3~5-brancbed spine, very closely resembling the spiny 
leaves of the Berheris, but which, however, are emergences springing from the 
base of the petiole. Mibes has two kinds of branches : long-brauches and 
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dwarf-branebe?:, tbe latter alone bearing the flowers.— (Fi^s. 490--492). 
The blades of the leaf are folded or rolled together in Teruation- 
It. alpiunm is dioecious. 

75 species; especially from the N. Temp, regions (especially N. Am.).— The 
receptacle secretes honey on its inner surface. Tbe Gooseberry -flower is 
slightly protandrous, others are homogamous; insect- au<3 self-pollination are 
found. The following are fruit bushes : R, iiigmm (Black Currant), It rtthrum 
(Bed Currant), R. grossiilaria (Gooseberry), originating in Norchern Europe and 
Asia. Ornamental bushes : the IS'orth American R. (inreiim (Golden Currant) 
and R. sangulneitm (Blood-red Currant), etc. 

Order 4. Hydrangeaceac. Shrubs, with simple, opposite leaves, without 
stipules; flowers generally epigynous, 4--5-inerous (Fi^. ^m).~~-Hydrang^a (H. 
hortensia, etc.). Shrubs from N. Am. and E, Asia; corolla often valvate. The 
inflorescence, as in the case of the inflorescence of Vibnnmm opuhis (Guelder 
Idose), has often irregular, large, but barren flowers at 
the circumference, whilst the others are much smaller, 
regular and § ; the barren flowers are mostly 
4-merous ; in these cases it is the calyx which is 
large and petaloid, while the other parts of the flower 
are more or less suppressed. The branches of the 
inflorescence appear to be partially devoid of floral- 
leaves, since they are displaced upon the main axis. — 

FIdladelphus ; racemes (with terminal flower), sepals 
4 (valvate), petals 4 (twisted), stamens many, and car- 
pels 4 (opposite the petals), forming a 4-iocular ovary. 

The numerous stamens (20-30) occur by the splitting 
of the sepal-stamens and are often therefore placed 
in distinct bundles. Fruit a capsule, Ph. coronana 
(Syringa. Mock Orange-blossom), from S. Eur., is a common ornamental shrub, 
as also is Deiitzia {Fig. 493) from N. Am. and E. Asia. The latter has S5, 1^5, 
A54-5, G3. — About 70 species. 

Order 5 (?). Pittosporacese. This order has its home especially in Australia 
(90 species). The flower has S5, P5, A5 (episepalous), G2 (3-6), most frequently 
a unilocular ovary with many ovules in 2 rows, borne on 2 parietal placentfe, or 
a bilocular ovary. Some have berries, others capsules, Fittosponim, Citrh- 
hatiia, Sollyaj Bilkirdiem. 

Order 6. Hamamelidaceae, Flowers more or less epigynous, with S4, 1*0 
or 4, 4 fertile sepal* stamens, and 4 barren petal-stamens, bilocular ovary with 
1-2 ovules in each loculus. Fruit a capsule. H mi i am elis : one species in Japan 
and one in N. Am. Fothergilla. Liquidambar : monmcious; flowers in capitula 
or spikes ; $ -flowers without perianth, stamens indefinite ; ? -flower : slight 
perianth, 2-locular ovary with many ovules. Officinal : ** Styrax- balsam,” 
which is obtained by boiling the bark of Liq, onentalis^ from Asia Minor. 
Liquidambar and Rarrotia are found as fossils in the Upper Oligoeene; 
Ilamamelis perhaps in the Chalk. 

Finally two orders with very reduced flowers are included in this family. 

Order 7. Platanacese. Trees, with large, scattered, paiminerved and lobed 



Fig .493 . — Dcidzla ar nata . 
Loiigitadirial Koetion of 
flower. 
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leaves, and ochreate stipules; the buds are concealed in a hollow at the base 
of the petiole. The barb falls off in large scales, d - and 9 -flowers (moncecious) 
in crowded, spherical inflorescences which are placed at wide intervals on a 
terminal, thin, and pendulous axis. The flowers have an insignificant calyx 
and corolla; the -flower has few stamens; ? -flower, perigynous, with 4 free 
carpels, 1 pendulous, orthotropous ovule in each. Fruit a nut ; endosperm 
absent. 5 species; frequently grown in avenues and parks. F. occidentalis 
(N. Am.); P. orientalis (W. Asia.). 

Orders. Podostemacese. Aquatic plants, especially in swiftly running 
water, with somewhat of an Alga-like, Moss-like, or thalloid appearance ; they 
show themselves in many ways to be adapted to their mode of life and situations 
(having a dorsiventral creeping stem, the flowers sunk in hollows, a formation 
of haptera upon the roots, and thalloid assimilating roots and thalloid stems, 
etc.). Tropical ; 100 species. 

Family 20. Rosiflorse. 

The leaves are scattered, stipulate, or have at least a well de- 
A’^eloped sheath, which is generally prolonged on each side into a 
free portion (“adnate stipules”). The flowers are regular, peri- 
gynoiis or* e^igynous. Calyx and corolla 5 (--4)-werow^ with the 
usual position. The corolla is always polypetalous. The stamens 
are present in very vax'ying numbers (5-co) and position, but 
always placed in 5- or IQ-merous whorls ; they are frequently 20 in 
whorls (10 + 5 + 5 ; see Figs. 494, 502, 505) ; the nearer they are 
placed to the circumference, the longer they are ; they are gene- 
rally incurved in the hud, or even rolled up. The number of the 
carpels is from 1-co ; in most cases all are individually free 
(syncarp), and when they are united it is in every case with the 
ovaries only, whilst the styles remain more or less free (Pomacece, 
species of Spiraea). The seeds have a straight embryo, and usually 
no endosperm. " 

The perianth and stamens are most frequently perigynous on the edge of the 
widened recei)tacle ; its form varies between a fiat cupule and a long tube or a 
cup (Figs. 495, 496, 498, 499, 500) ; the carpels are situated on its base or inner 
surface, in some instances on a central conical elongation of the floral axis 
{Fig. 496). The carpels in Pomace(B also unite more or less with the hollow 
receptacle, or this grows in and fills up the space between the carpels, so that a 
more or less epigynous flower is formed (Fig. 504).— -The following numbers of 
stamens occur: 5, 10 (in 1 whorl), 15 (10 + 5), 20 (10 + 5+5), 25 (10 + 10+5), 
30-50 (in lO-merous whorls) — compare the diagrams. The theoretical explan- 
ation of this relation of the lO-merous whorls and their alternation with the 
5-merous whorls is not definitely determined; a splitting of the members of the 
5-merous whorls may be supposed, but the development shows no indication of 
this, and it is uot supported in any other way. Several genera have “ gynobasic ’’ 
styles, that is, the style springs from the base of the ovary (Fig. 497 A, B). 
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, Fig. 491— Diafjram of Comarum Fig. 495.— Flovrer of Spinm lancedata. 

']! imlustre, ' ■ ■ : ' 

I The majority are shrubs. Stipules are often -wanting. — Sjnrn^a 

(Meadow-Sweet). The flowers are generally borne in richly 
flowered inflorescences of various forms. The carpels, in some 
species, unite together and form a simple gyncecenm with, free 
4 styles (an approach to the Fomacese ). — Closely allied to ^inma are the 

East Asiatic shrubs : Kerria japoniea^ which has solitary tiowers, in this country 
nearly always double (the fruit a nut), and Rhodotypiis kerrioldes which has 
i| opposite leaves, a remarkable feature among the Bosiflortn ; it has a 4-merous 

: flower, a well developed disc inside the androsciiim, and a drupe. Closely 

; allied also is Gillenia (N. Am.) differing chiefly in the ascending ovules, Splrea 

having pendulous ovules, and a more tubular receptacle. 

The groups Quillajece and Neuradete form a transition from Spinea to 
Pomacexe. In the first group, which contains only trees or shrubs with generally 
simple leaves, the carpels are either free or united (into a capsule) ; in the 
second the receptacle unites with the carpels, which are themselves often united 
togetlier ; in this case, too, the fruit is a capsule. Quilkija (S. Am.) ; Mxochonia 
* (China), 


The Rosiflor® are on one side closely related to the Saxifragacere (especially 
through Sfirffifl) from which it is difiicult to separate them, and to the Myrti- 
fforsB ; on the other side they are ajlied, through the Mimosacfc with the large 
number of stamens, and through the Amygdalaceie with its single carpel, to ilie 
Leguminos®. The family begins with forms which have many-seedeil 
follicles, and passes on the one side to forms with nuts and drupes in pcrigynous 
flowers, and on the other side to the Pomace®. 

Order 1. Rosacese. Herbs or shrubs, generally with com- 
pound leaves and persistent (adnate) stipules, flower perigpHon,s\ 
(jymyiceum formed of many free (therefore oblique) carpels, syucarps 
with fruitlets of various kinds. The exceptions are noted under 
the genera. 

I. SpiRjiEiE (Fig. 495) has 2-many ovules in each ovary, while 
in the other groups there is generally only 1, and never more than 
2 ovules in each loculus. There are generally 5 cyclic carpels and 
the fruit is 5 follicles, which are not eiiclo.sed by the receptacle 
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2. PoTENTir-LE^ (Figs. 494, 496, 497). The flower ha. an 
“ epicalyx ” (Fig. 494 0) alternating with the sepals and formed by 
their stipules which are united in pairs, and hence its leaves are 
often more or less deeply bifid. The receptacle is cupular and 
often quite insignificant. The sepals are valvate in the bud. The 
large number of fruitlets are achenes, borne on a well-developed 
convex portion of the receptacle (the Eanuncule® resemble the Poteij- 
tille®, but have no epicalyx, no enlarged receptacle, and spirally-placed stamens). 
Most of the species are herbs with dichasial inflorescences, often 
arrancred in ve^emes.-Potentilla (Cinquefoil). The achenes are 
borne'’on a dry, hairy receptacle ; the style is situated towards the 
apex of the ovary, and is not prolonged after flowering. Herbs 
with dio-itate, in some, however, pinnate leaves, and generally yellow 
flower.s°-ao«aram (Fig. 494) (Marsh Cinquefoil) forms, by its 
fleshy-spongy receptacle, a transition to the next genus.— Frapana 
(Strawberry) (Fig. 496). The receptacle becomes finally fleshy. 


496, 


497, 


Fig. 496, 497. —'Frag aria vesca. 


Fig. 4%.— Longitudinal section of flower. 

Fig. 497. —a carpel* entire, and in longitudinal section. 

coloured, and falls off (biologically it is a berry) ; the numerous 
fruitlets (drupes with thin pericarp) have basal styles (Fig. 497) ; 
leaves trifoliate; long, creeping runners.— Gewui (Avens) has a 
tei-minal style which after flowering elongates into a long beak, 
with the apex (after the uppermost part has been thrown off) bent 
back into a hook, thus fmmishing a means of distiubution for the 
fruits. Leaves pinnate. — Dryas comprises 3 Arctic or Alpine species ■with 
simple leaves and solitary flowers, the calyx and corolla 8-9-merous, ^^uit 
resembles that of Geim, but the styles 'become stUl longer and feather-lihe 
(a flying apparatus). 

3. Rube2E. Euhus (Bramble) lias the . same form of receptacle 
as the Fotentilhse^ hnt no epicalyx; the fruitlets are drupes., not en- 
closed by tbe persistent calyx. Most frequently shrubs oi under 
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slirubs witli prickles (emergences), glandular bristles and com- 
pound leaves* In the Easpberrj {R, idceus) the fruitlets nnice 
together and detach themselves from the receptacle. 

4 , Rose-'E. Rosa ; the receptacle is hollow, ovoid and contracted 
beneath the insertion of the 
calyx (Fig. 498), ultimately 
fleshy and aoloured ; it encloses 
a large number of fruitlets 
which are achenes as hard as 
stones (“ hip,” biologically a 
berry). — Shrubs with impari- 
pinnate leaves and adnate 
stipules. The sepals show clearly 
the order of their development (a 
divergence of §), the two outer ones 
on both sides are lobed, the third 
one on one side only, and the two 
last, whose edges are covered by the others, are not lobed at all. Prickles 
(emergences) are generally present and in some species are placed in regular 
order, being found immediately below each leaf (usually two) although at some- 
what varying heights. 

5. Agrimoniejj. The receptacle is more or less cup- or bell - 
shaped, and almost closed at the mouth ; it is persistent and en- 
velopes the nut-like fruitlets^ but is dry, and in some species hard, 
the fruitlets being firmly attached to it. In biological connection 


Fig. 498.- 


-tiongituflinal sec Lion of flower 
of Rom^ 


499. 500. 

Fig, 499, 509 . — Agrimcnia exipatona. 

Fro, 499.— Flower in longitudinal section. 

Fig. 500.— Fruit and receptacle in longitudinal section. 

with this the number of the carpels is generally only 1 or 2 , and 
the whole becomes a false nut (Fig. 500). Herbs. — Agrimo^iia 
(Agrimony ; Figs. 499, 500) ; the perianth is 5-merous, stamens 
5-20. The receptacle bears externally, on the upper surface, a 
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immber of booked bristles which serve as a raea-ns of distribution 
for the 1-2 achenes which are enclosed in it, and hence the 
entire dower hnallj falls off. The inflorescence is along upright 
raceme. Tbes© bristles are arranged in whorls of 5 and 10, of which the 
uppermost alternate with the sepals . — Alchemilla (liadies-mantle ; h^ig. 

501) has 8 green perianth-leaves 
whorls (some authorities 
\ 3 //w^ / consider the four outer as an 

epicalj^x, and the flower therefore 
\u^ J ) / apetalous), and 4 stamens alter- 

nating with the iwnermost whorl. 
There is only one carpel with a 
hasal style and capitate stigma. 
The flowers are small and green- 
ish, the filaments jointed. The 
anthers open by one extrorse cleft. The leaf* sheath entirely 
envelops the stem ; the leaves are palminerved. A. ajphanes has 
oftep only 1~2 stamens. The following genera, with 4-merous flowers 
borne in short spikes or capitula, are allied to this group. Sanguisorba has 
entomophilous, 5 -flowers with 4 (-20) stamens, 1 carpel.; stigma papillcse.— 
Poteriim; spike or capitifium, the uppermost flowers are ? , the lowermost <?, 
and some intermediate ones ^ (the order of opening is not always centripetal) ; 
S4, PO, A20-B0, G-2, the long styles having brush- like stigmas (wind-pollination). 
Leaves imparipinnate. 

Pollination. A yellow ring on the inner side of the receptacle, inside the 
stamens, serves as a nectary when any honey is formed ; this, for instance, is 
not the case in Rosa^ Ayrinioriia^ Spirwa uhnaria^ S, Ji^ipendula, S. anincmi etc., 
to which the insects (especially flies and bees) are allured by the quantity of 
pollen. Homogarny and slight protogyny ax'e frequent, in many instances self- 
liollination also is Anally possible. Poterium, with the long-haired stigma, is 
wind-pollinated. — About 550 (1100?) species, especially in northern temperate 
regions. — Uses. Officinal: the petals of Rosa centifoUa and gallica, the fruits 
of the Jflaspberry (Rubies idesus)^ the rhizome of Geuni iirbaimm, the flowers of 
the Koso-tree (Hagenia abyssimea or Bray era anthelniiiitica). — The bark of 
QuUlaja saponana (Chili) is used as soap and contains saponin, “Attar of 
Hoses” from Hoia damaserna, centifoUa and other species, especially from the 
southern slopes of the Balkans. Many species and varieties of Hoses are 
ORNAMENTAL plants: from S. Europe, Rosa lutea (the Yellow Bose), R, gallica 
(the French Hose) and R. rubrifoUa ; from W. Asia, R. centifoUa, of which the 
Moss Boses (R. nmscosa and cristata] are varieties, and R. damascena ; from India 
and N. Africa, R. moschata (the Musk Hose); from China, R, indica (Tea Hose) 
etc., besides the native species and the varieties which have been derived 
from them. In addition, Kerria japonica, species of Potentilla, Ruhus odoratiis 
from N. Am., and many species of Spiraea from South-easteim Europe and N. 
Am. Esculent; the “hips*^ of R, mplUssima, R. pomifera, etc.; the fruits of 


Pig, 501. — Flower of Alchemilla in longi- 
tudinal section. 
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Fig. 5()2.--DisigTam of 
Pvan us V i rg i h ia na. 


Miihtis-Bijeaies : Easpberry (R. Cloudberry {R. cham<e morns), Blackberry 

{R. frutkosus)yet(i. ; of Fragaria-B^ecies (F. vesea^ collina, grandijloni, etc). 

Order 2. Amygdalaceae. Trees or slirubs with rosaeeoii.s 
flowers; leaves simple with caducous stipules ; a regular, perlgy- 
nous flower, the receptacle being partly 
thrown off by a circular slit; sepals 5, • 

|)etals 5, stamens 20-30 ; gynmceuni simple, 
formed of 1 carpel (hence oblique. Fig. 502), 
with terminal style and 2 pendulous OTules, 
ripening into a drupe (Fig. 503). — The 
leaves are penninerved and frequently have 
glands on the stalks and edges; thorns 
(modified branches) often occur, i.e, dwarf- 
branches, which, after producing a *few 
leaves, terminate their growth in a thorn 
{e.g, Prunus spmosa). The vernation of the foliage-leaves varies in the 
different genera; in the Almond, Teach, Cherry, and Bird-Cherry they are 
folded; in the Apricot, Plum, Sloe and Bullace, rolled together. In some the 
dowers unfold before the leaves {Amygdalus, Armeniaca). That the gyna:-cenni 
is formed of 1 carpel is evident in this as in other instances {e.g. in the 
Legiiminosze, which are closely related to this ordei*), from the fact that 
carpel is oblique, and has only one plane of symmetry, and similarly in 
fruit there ia a longitudinal groove on one side which indicates the ventral 
suture. It is only exceptionally that both ovules are developed. In abnomial 
instances more than 1 carpel is developed, 

A. Fruit hairy: Amygdalus (A. commtinis, Almond- tree) has 
a dry pulp which is detached irregularly, when ripe, from 
wrinkled, grooved, ovoid and 
somewhat compressed stone. — 

Fersica 
differs 

ing a juicy pulp, not. 
from the stone, which is 
grooved ^and has pits 
grooves (Fig. 503). (The name 
of the genus is derived from Persia, 
though it is a native of Gbina}. — 

Arme7imm (A. vidgar/s, Apricot) 
has a hairy, velvety fruit, but 
the stone is smooth and has two 
ribs along one of the edges ; the 

pulp is juicy. (The generic name has been given on the incorrect assumption 
that it was a native of Armenia ; its home is China.) 


Fig. 503.— li’ruit oc tne 
cut through so that the stone is visible. 
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B. Fruit glabrous (^.e. without hairs) : Frunus (Plum) has a 
glabrous fruit with bluish bloom ; the stone is compressed, smooth 
or wrinkled. The flowers are borne solitarily or in couples, and 
open before or at the same time as the leaves ; they are borne on 
shoots without foliage- leaves . — Gerasus (Cherry) has a glabrous, 
spherical fruit, without bloom, and a spherical stone. The flowers 
are situated in 2-many-flowered umbels or racemes, and open at the 
same time as the leaves or a little before them. Long-stalked ilov^'ers 
in umbeU are found in (7. avium (Wild Cherry), C. vulgaris (the cultivated 
Cherry, from Western Asia) ; racemes at the apex of leaf-bearing branches and 
small spherical fruits are found in C. ;padus (Bird Cherry), (7. virginiana, 0. 
laurocerasus (Cherry-laurel), C. mahaleh. 

P 0 LLINA.T 10 N. Primus spiiiosa (Sloe, Blackthorn) is protogynous, but the 
stamens are developed before the stigma withers. Honey is secreted by the 
receptacle. Gerasus padiis (Bird-Cherry) agrees in some measure with P. spinosa. 
In the flowers of the Plum and Cherry the stamens and stigma are developed 
simultaneously and self- pollination seems general ; the stigma, however, overtops 
the inner stamens and thus promotes cross-pollination. — Distribution. 114 
species in the N. Temp, zone ; few in the warmer regions ; the majority from 
W. Asia. 0. vulgaris, from the regions of the Caspian ; Prunus spinosa, 
insititia (Bullace), domestica (Plum, from the Caucasus, Persia). — Uses, princi- 
pally as fruit-trees : Cherry, Plum, Apricot, etc. ; “ Almonds ” are the seeds of 
Amygdalus communis (W. Mediterranean), “ bitter,” “ sweet,” and “ shell ” 
almonds are from diflereut varieties, the latter being remarkable for the. thin, 
brittle stone. In the majority of species and in almost all parts of the p^ant 
(especially the bark, seed and leaves) is found the glycoside, amygdalin, which 
forms prussic acid. Many form gum, and the seeds have Jatty oils (“Almond 
oil”). Officinal; the seeds and oil oi Amy gd aim communis, and the fruit of 
the Cherry ; in other countries also the leaves of C, laurocerasus . — The stems 
of Gerasus mahaleb are used for pipes. Ornamental Shrubs : Amygdalus nana, 
Gerasus laurocerasus. 

Order 3. Chrysobalanaceae. Tropical Amygdalacese with zygomorphic 
flower and gynobasic style. 200 species ; especially Am. and Asia. Chrysoba- 
lams icaco (Cocoa-plum) is cultivated on account of its fruit (Am.) 

Order 4. Pomaceee. Trees and shrubs, most frequently with 
simple leaves and caducous stipules. The flowers (Fig. 505) have 
5 sepals, 5 petals and generally 20 stamens (10 -f- 5 4- 5, or 10 + 10 + 5). 
There are from 1-5 carpels, which unite entirely or to some extent 
with each other, and with the hollow, fleshy receptacle (the dower 
becoming epigynom), (Figs. 505, 506, 507). The carpels are nearly 
always free on the ventral sutures, rarely free at the sides also. 
The whole outer portion of the fruit becomes flesby, but the por- 
tions of the pericarp surrounding the loouli (endocarp) are most 
frequently formed of sclerenchymatous cells, and are more or less 
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firm (the core The nature of the fruit yaries, according: to 
the thickness and hardness of the endocarp, being either a “ berrj” 
or a drupe’" (see A and B). When the endocarp is thin and 
parchment-like, the fruit has the characteristics of a beiTv, eacli 
of the 5 loculi generally present containing several seeds ; but Avhen 
this is hard the fruit resembles a drupe, only one seed is developed 
in each loculus, and the number of the loculi is reduced to one or 
two. There are nearly always 2 ovules in the loculi of the ovary, 
but in Cydonia there are a large number in 2 rows. In the genera 


Fig. 505.-- Floral (liagram 
of Mespilus germanic i. 


-Longitudinal and tran'^versa section through the flowers of A, B Caloneaster 
I> Maius communis; E Eaphiolcpis; F Cydonia; G Mespilus, 


which have stones, only one seed is developed in each stone. The 
genera are distinguished mainly in accordance with the kind of 
fruit and the number of ovules and seeds. 

A, SoRBEji. The endocarp is parchment-like oe PAPEur (drupe, 
with thin stone or berry). 

3. Fy 7 ’m and Cydonia; carpels completely embedded in the 
cup-like receptacle, styles always free. — Py^'us : the fruit is 
glabrous, and has only a small calyx, withering or deciduous, 
and a 5-locolar ovary with at most 2 ascending ovules in each 
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loculus (Fig. 504 D). The large flowers are situated in few- 
flowered umbels or corymbs. P. commimis (Pear ; free styles, Fig. 507 ; 
it lias the well-known pear-shaped fruit; the core is reduced to several groups of 



Fig, 50S.—Cydonia vulgaris, liongitudinal section of fruit. 


selerenchymatous cells embedded in the pulp, the leaf-stalk is as long as the 
\)Ude).~~Gyd() 7 iia (Quince) has a hairy fruit with mcmy seeds in 2 
Toios in each loculus of the endocarp (Figs. 504 (7, F ; 506) ; the 
testa of these seeds is mucilaginous. 0. vulgaris^ large, terminal 
flowers on lateral branches, 
and large leaf -like, per- 
sistent sepals. 

2, Mahis and Amela7i~ 
cJiier {Arorda); carpels free 
on the ventral edge; styles 
united. Malus ‘ communis 

(Apple) the fruit is “ um- 
bilicate at the base ; no 
selerenchymatous cells in 
the pulp ; styles united, at, Fig. 537.— Longifeudinal section of Pear flower. 




rosiflorj:, 


B. CiUT.iiGEJii. The exdocarp is hard axd boxf (^‘drupes/' 
s^enerally with several, sometimes, however, with otilj 1-2 stones, 
rarely one nuiltil ocular stone; only 1 seed in each of tlie ioeali).— 
Cratcegus (Hawthorn, May). There are 1~5 stones in the spherical 
or ovoid fruit. The disc, found on the apex of the fruit, inside 
the small, withered calyx, is small (much less than the transverse 
section of the fruit). Shrubs with thorns (branches) and mode- 
rately largo flowers borne in corymbs . — Mespihis (Medlar) differs 
from the last-named only in having a large disc at the apex of the 
fruit, inside the large, lea/dihe sepals, i.e, almost equal to the 
greatest diameter of the fruit. The flowet's are solitary and ter- 
minal . — Coioneaster is chiefly distinguished fi*om the others by 
its syucarps, the 2-5 carpels (and stones) being free from one 
another, and only united to the receptacle by a larger or smaller 
portion of their dorsal surface (Figs. 504 A, B), Small shrubs 
with leathery leaves, generally covered with white, felted hairs on 
the lo-wer surface, and with small flowers ; the fruit is red or 
black. 


Pear, Apple, Mountain Ash and Hawthorn have profcogynons flowers which 
secrete honey, and are conspicuous to ensure insect polUnatiou. — ISD species ; 
in the northern temperate regions. —Pear and Apple are esi^ecially cultivated 
as fruit trees in a number of varieties; the Paradise x\p pie (Pyr?t.s baccata); 
especially in southern countries also the Quince (from N. Persia and the 
Caucasian districts), Medlar and Amelauchier vulgaru. Mains punula (Caucasus, 
Altai) and M. dasyphylla (Orient, S. Eur.) are regarded as primitive forms of 
the Apple-tree ; M, sylvestris, which grows wild in European forests, appears to 
have been less used. The early Lake-dwellers in Switzerland had the apple- 
tree both wild and cultivated. — The original form of the Pear is supposed to be 
Fyrus achras (Central Asia). — Many of the species of Crattegus, some with double 
flowers, and Fyius (Ckceiiovieles) japonica, with brilliant red flowers, are culti- 
vated as ornamental shrubs. Officinal: Quince pips, on account of the 
mucilaginous testa. — The fruits ‘■contain free organic acids and sugar ; prussic 
acid may be obtained from the seeds. The wood of the Pear-tree is used in 
manufactures. 
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Family 21. Leguminosse 


The most characteristic feature is, that the ^rjniecemn is \-lpcular 
and formed of 1 carvel, the ventral suture of which is jurned pos- 
teriorl^ The fruit, in most instances, is apod (legume), which opens 
generally along both sutures, the two valves twisting more or less 
in opposite directions. In other instances it opens along one suture only, 
or as a pyxidium (Bed Clover), or it is indebiscent, in which case it is more or 
less berry-like' (ci^. the' Tamarind, Carob-bean), or it is a drupe {e.g. the Ton- 
guin-bean), or a 1— few-seeded nut [e.g* MeUlotus)^ or a lomentum, which ^divides 
transversely into as many joints as there are seeds {Ormchopus, see Fig. ol3). 


Tlie inflorescences belong to the centripetal type (t.e. indefinite) ; 
cymes do not occur. The flowers are zygomorpMc, with vertical 
plane of symmetry, seldom regular; S-weroMS with but a few ex- 
ceptions, ^ , and slightly perigynous. The following diagram is 
the most general (Fig. 511) : 5 sepals, with the impaired sepal 
median and anterior, 5 petals, 5 + 5 stamens, all in alternating 
The calyx is most frequently gamosepalous, the 


whorls, 1 earpel. .. ^ . 

gynceceum is narrowed down at the base to a short stalk an , in 
the majority, is more or less bent. The seed is most fieqnently 
kidney-shaped, with a smooth, hard and shining testa, the hiluni 
being very distinct. m^An.perm, h wantma, or is reduced to a thin 
layer, which is of service when the seed swells during germina- 
tion. The vegetative parts have these features in common, namely, 
the leaves are -scattered, stipulat e, and almost always cm ng oi md. 
Peculiar sleep-movements and sensitiveness are found in some, chiefly 
in the Mimosas. Many, probably all, Leguminosee have small 
tubercles on their roots which are produced by a kind of bacterium, 
and assist in the assimilation of free nitrogen. Spontaneous move- 
ments are exhibited by Desvnodium gyrans (Telegraph-plant). 

This family is closely aUied to the Eosiflorffi, with which it agrees in the 
scattered leaves, the presence of stipules, the generally 5-merous an 
frequently perigynous flowers with e.ucyolic stamens, and the absence - 

svermr'Amjgdalacim and Chrgsohalanacea, with solitary carpels, approach on 
oTe'Sde to the Leguminos®, among which genera with drupes are also found , 
Mimosacece, with their many stamens, form a connecting link on the othei 
tide. In this respect the Mimosa-genus Apfemea, and certain Osesalpme® and 
Swartziete, are of special interest in having more than one carpel (syncarp), a 
condition which is sometimes met with abnormally in other Leguminosa, as 
wett as in Amygdalacete. About 7,000 species of the Legummosa are known. 

Order 1. Cffisalpiniaceae. These are leguminous plants with ■ 
straight embryo and a . Hower which is no t papilionaceous a«d has not 
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the same mstivation (Figs. 5G8-510); bat in reality there is not a 
single cbaraeteristic wiiicb absolutely clistinguisbes them from the 
Papilionace^.— The majority are aborescent ; the leaves as a rule 
are pinnate or bi-pimiate. The flower is 5-meroas, most frequently 
ptjrigynons and slightly zygomorphic; the calyx is free or 
gamosepalons, the corolla polypetalons with ascending imbricate 
mstivation (f.e. the two lowest petals envelop the lateral ones^ 
and these again the posterior; Fig. 508) ; 10 free stamens; fruit 
various. 

Cassia (Figs. 508-510) is the largest genus (about 200 species) ; 
it has an almost hypogynous, zygomorphic flower with 5 free 
sepals and petals ; of the 10 stamens the 3 posterior are generally 
barren, the others are of very unequal length and open at the 
apex hj pores (Fig. 509). In some (the Senna group) the fruit is 


Figs. 508-610.— Cassia ji!onbu?i€ta. 

Fig. 508.— Floral diagram. Fig. 609.-Flower. Fig. 610.— The same in long, sect, 

aflat, short, thin, dehiscing pod; in others (Cathartocarpns) it is 
round, long, woody or fleshy, indehiscent, and divided internally 
by more or less fleshy transverse walls into as many cells as there 
are seeds. — The ' following also have dehisgiiint fuuits : Bauhmia 
(often lianes, ti*opical climbers with tendrils [stem-structures] and 
anomalous stems), Gopaifera, Hcematoxylon (whose pod does not 
dehisce along the sutui’e, but laterally), Oercis (simple leaves; the 
corolla resembles that of the Papiltonaceje, but the posterior petal 
is the smallest, and is enveloped by the 2 lateral ones, which are 
enveloped in their turn by the 2 anterior). — Fkuit Ixdkhiscent : 
Tamarindus indica ; the pod is almost round, often a little 
abstricted between the seeds; the wall is formed by a thin, 
brittle external layer, enclosing an acid pulp ; v^^ell-developed 
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Fig. 511 .— Diagram of 
Faha vulgaris : f tlie 
standard; v the vrings.j 
h the heel. - ^ 


septa are present between the seeds; the most internal layer is 
parchment-like. Calyx 4-inerons by the coalescence of 2 sepals. 
Only 3 fertile stamens.— CerafoMia siliqua (Carob-bean, Locusts) ; 
the pod is long, compressed, with thick sntures, and has a wall, 
the central part of,,,which is more or less leathery, fleshy and 
sAveet; there are transverse septa between the seeds, as in the 
Tamarind. Embryo greenish in endosperm. The flower is without 
a corolla, 5 sUmens.—Pterogym (winged fruit), etc.-KiUMEiiiE^: 

■\vitb is an anoBialouvS group. 

Distkieution. 80 genera, with 740 species ; almost exclusively m the Tropics. 
The Carob-tree and Cercu grow in the Mediterranean basin. The largest am 
most widely distributed genus is Cassia, which is found as trees, shrubs, and 
weeds in all tropical countries. The order has many important uses to man- 
kind MewoiN 4 L: the leaves and pods of Cassia acuti folia angustifolia 

(officinal. Senna-leaves), the fruit-pulp of the Cassia-sub-genus, Cathartocarpm. 
Ehatany root from Krameria triavdra. (Peru, officinal). BaUam is extracted 
from a number of Coj)ai/em-species (Balsam of X3opaiba) from S. Am. {offi- 
cinal), and from Hymencea (Copal balsam), TrachyloMim and others. Edible 
frmts are obtained especially from the Carob-tree (from the East) and the 
Tamarind (officinal). The heart-wood of seT&w^ species of Cmal^pima, such 
as C. hrasiliends (the Pernambueo-tree), ecUnata (Bed-tree), and f^appan, 
yield dyes\ Hcematoxylon (JET. campechiamtm, Logwood), Copaifera bracteata 
(Amarant-tree).— is obtained from many {Melanoxylon and others). 
In Europe they are of little importance as ornamental plants, these being con- 
fined principally to the species of Gleditschm (G, triaeantha, from N. Am.) 
and Cercis (the Judas-tree, O, siliqua strum, B. Eur,), which are cultivated in 
gardens; but in tropical gardens beautiful flowering species, e.g, of Cassia, 
Poinciana, Broimea, are found, and the most beautiful of all ornamental plants, 
the Indian Awkerstia nobilis. 

Order 2. Papilionaceae. The flower (Eigs. 511, 512) is 

strongly zygomorpMc and somewhat perigynous (Ii’g.. 612 i ; most 
frequently more on one side than the other). The calyx is 
gamosspalous and persistent. The polypetal- 
_ * ous corolla has des cending imbricate snstiva- 

tion, the posterior, large leaf, the standard 

ii 7 v\\ 

|M 51 Ij the two lateral ones, the wings (Eigs. 511 » ; 
i 512 JS', a), which again cover the two an- 

i terior ; these are united in the foim of a boat, 

\ tjie heel (k and. e) ; the wings and the two 

petals of the keel are very nnsymmetrical. 
That: the keel is formed of two petals is 
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Pig. 512.— Pisum sativum : A entire flower ; J8 in longitudinal section ; 0 pryna'ceuni 
and stamens ; D gynoec^nin ; corolla dissected, c standard, a, a wings, c. keel ; 1) seed 
opened to show the cotyledons (c), the radicle (r), the plumule (j/) j E fruit (legume) ; Pseed. 


Geocarpia fruits, Le. tliose whicli penetrate the soil during their development 
and ripen inidei'ground, are found in e.g. Arachis hypogtm (see page 472), 
TrifoUtm suhterraneum, Vida ampltiearpma. Germination takes place in 
various ways. In the majority the coiyledoQS are raised above the ground as 
green, leaf-like bodies ; in the Vicieas they remain thick and white, and are 
always enclosed in the testa, and are therefore never able to take part in the work 
of assimilation ; in species of PhaseoluSf on ^e other hand, they are raised well 
above the ground and become green, but remain however thick and fleshy. 

I, 2 . The two groups PoDAUTHiEiE; ' (the , majority of the genera are 
Australian) and Sophobb^ {Sophora^ Mdtmrdsia, et^), represent tlie oldest 


dtcotyledones. 




VJp r r 

hi 

h ! ,« • 

' f’i > 


t^e, as they have 10 free stanen. a.d so form the transition to the O^sal- 
piniaoeiK. Nearly all are trees and shrubs. 


O ASTRAGALE^. Herbs or shrubs, less frequently trees, with 
iZaripinnate leaves (without tendrils). The flowers are gener- 
ally irne in racemes or spikes! Stamens mouadelphous or 
cliadelphous.-^strayaZ«s (Milk-Vetch) has the legume incom- 
pletely divided longitudinally into 2 loculi by ^ 

the incurved dorsal suture. Diadelphous.-GZ.Vcr’-?^^® 
rice) ; Golutea (Bladder-Senna) from S. Europe; Bohinia (tie a se 
Acacia) with thorny stipules ; Indignfera (the P ’ 

Amorpha (which has only one petal, namely the standard, and t le 
fruit a nut), Garagana, Wistaria (a climbing shrub), Galega Oai - 
micteZm australis, when old, produces flat branches with scale- 

.hkeleav^^^^^ CZZm&wg Zierbs with paripinnate leaves, the midrib 
ending in a point or frequently in a tendril, which genera y is 
branched, repisenting lateral veins without mesophyll; stamens 
diadelphous; the cotyledons remain underground on 
-Vicia (Vetch) has a filamentous style, hairy towards the tap, and 
a pod with many seeds ; climbing by means of tendrils; 
have many leaflets.-Fabu (E. vulgaris, Horse-bean) is erect, with- 
out tendrils ; its pod is thick with spongy septa between the seeds.- 
Ervum (Lentil) has a pod with only 1-2 seeds, and 
(atylar-brush) on the inner side of the style.-Pi«m (Pea, Pig^ 
hi) has very large stipules, the bent style has a hollow groove on 
taie anterior Le. P. sativum (Common Pea), P. ~ (Grey Pea . 

-Lathyrus (Sweet Pea) generally hasanangiilar winged stem and 

most frequently only a few pairs of leaflets. The style is flat- 
tened with sweeping hairs on the back. In L. aphaca the stipules 
alone are developed into foUage-leaves, while the remainder o£ the leaf is 
iodihed into a tendriL-Cicer has a nearly straight embryo and 
imparipinnate leaves with dentate or incised leaflets. 0. anehnus 
(CAnok~'pea:).--Ahnts{pTecatorius, etc.); the seeds ^ 

noster peas,” “ Jequirity ”) are scarlet with a black ^ 

c. Phaseoim. Herbs, twining or erect, but not climbing hj 
tendrils; the leaves are imparipinnate, generally ie«aie, an , le^^ 
small, linear bodies resembling stipules at the base of tl . - 

of the leaflets. The inflorescences are most frequently comp , 
groups of few flowers being situated on 
lorn! on L longer stem. On germination the 
raised a consider^le distance above the ground, and beco 
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groenisli, but do not become leaf-lilce ; inP. mttltijloriis tbej remain 
underground. Stamens as in tbe Vetclles.~^P/^a.?eoZ ^^5 (Kidney- 
bean) : the keel with the stamen and style is spirally twisted 
(to the right). Herbs, twining to the left. — The Calahar-hean ” 
(P/t|/sos%?wa veaeMOSttw), Clitoria, Glycine^ Soja^ Mamma, Ajnos^ 

Canavalia, Vigna, Dolichos, Gajmius, Rhynchosia,etQ. 

6. Teifolieji (Glotebs). Herbs with Zenmfe leaves, the leaflets 
are often dentate with the veins prolonged into the teeth; stamens 
diadelphous; fruit l-locular, l-£ew-seeded, pyxidium-like, irregu- 
larly dehiscent, or more frequently a nut The flowei\s are generally 
borne in capitula, racemes, or spikes . — Trifolmm (Clover). The 
corolla is gamopetalous. The calyx persists, together with the 
corolla, round the idpe fruit. The inflorescence is a spike, capitu- 
lum or capitate umbel ; the leaves are ternate, and have adnate 
stipules. (Medick). The corolla falls oif after flower- 
ing; fruit curved like a sickle or spirally twisted ; it is a nut, and 
opens with difficulty. Leaves ternate . — Melilotus (Melilot) has a 
small, spherical or lanceolate, thick and wrinkled fruit, which as 
a rule is indehiscent. The inflorescence is a raceme, often long, 
or a spike, sometimes a capitulum. Leaves ternate . — Ononis 
(Best-harrow) differs in having monadelplious stamens and in 
being more shrub-like and bushy, and in having a normal, 2-valved 
pod, by which characteristic it approaches the Genisfcem. The 
flowers are generally rose-coloured, solitary, or in few-flowered 
racemes in the leaf-axils. Thorns (branches) are often present; 
the leaves are compound with only one small leaflet (the terminal 
one), or ternate with adnate stipules. 

7. Lotej:. Herbs with ternate or imparipinnate leaves, -with 
entire leaflets. In the latter case, when the lowest pair of leaf- 
lets is placed quite close to the sheath, the stalk is wanting, and 
apparently a trifoliate leaf wdth large stipules is developed. 
Plo\vers in an umbel or capitulum. Stamens inonadelphous or 
diadelphous, the filaments (either all of them, or only the 5 sepal- 
stamens) are widened at the top . — Lotus (Bird's-foot-trefoil) has a 
long, round pod. — Tetragonolohus. — AnthylUs (Lady’s-finger) ; the 
fruit is a nut, which is distributed by the wind by means of the 
membranous, bladder-like calyx, which completely encloses and 
falls o-fl with it. 

8. Geniste^.. The majority are shrubs or trees with apparently 
simple ■ leaves, te. compound leaves , with only , one leafl.et (the 
terminal leaflet), or ternate leaves;; the stipules in most instances 



are very small or are entirely wanting; stamens monadelplioiis. — 
Genista (Djer’s-weed) lias apparently simple leaves; the branches 
often terminate in a thorn. The strongly-winged stems in G. sagittalh 
are its most important organs of assimilation. Bossioia nifa has flat branches, 
its leaves being reduced to small, pointed stipules. — Sarothammis (Broom) 
lias switch-like, angular branches and often both the apparently 
simple and ternafce leaves on the same shoot ; style spirally rolled. 
— Cytisus (Labnrnnm). Ulex (Furze; in U. europtem, the seedlings bear 
a few foliage leaves, but the leaves sacceeding these are modified into thorns) ; 
S-partium; Grotalarm, eio. — Lupinus (Lupin) is allied to this group ; 
it has a thick, often some’vvhat fleshy pod, and digitate leaves with 
adnate stipules. — Metama. 

9 . Hedtsaeej] are especially recognised by having the ovary 
divided by transverse septa into as many ceils as there are seeds, 
the fruit thus becomes a lomeutum, dehiscing 
transversely into nnt-like joints (Fig. 513).— 
Ormt/iop?i.§(Bird’s-foot); Coronilla; Hippocrepis; 
Onohnjchis (SB,hdoin) has a fruit "with only 1 
joint (i.e. a 1 -seeded nut); Desmodmm; AlJiagi; 
Hedysamm, etc. — Arachis liypogma (Earth-nut) 
has a pod which is abstricted between the 
seeds, and is indehiscent, but is not multi- 
locular nor a true lomentiim ; it is reticulately 
■wrinkled externally, and ripens underground ; 
the basal part of the ovary is prolonged after 
flowering, ''attaining a length of several inches, 
and buries the young fruit in the soil. The 
embryo is straight. — Desmodhim gyrans is rwelh 
known for its motile leaflets. 

25 genera ; especially in Tropical America ; the majority 
are trees, a few shrubs or lianes ; the leaves are simple or imparipinnate. The 
fruit is indehucent in all; in some it is a winged, in others a wingless nut 
{Maclicerhm, Dalbergia^ Cenirolobinm^ etc.), in others, again, a drupe, e.g. in 
DipUrijx {Ton<iuin-bean) and Andira. In some genera the embryo is straight. 

Pollination. Especially effected by Bees. The nectar is secreted by a 
ring or disc-like portion round the base of the gynmceum or the inner surface 
of the receptacle. The flower is constructed with a peculiar mechanism to 
ensure cross-pollination by insects. The pollen is shed just before the flower 
opens, and is retained in a pouch formed by the keel. An insect visiting the 
flower uses the wings and keel for a landing-stage, and in attempting to reach 
the honey presses down the wings and the keel which are locked together near 
the standard; the stjlar-brush by this means is forced through the apical 
opening of the keel and a little pollen is thus swept out and deposited upon 
the abdomen of the visiting insect as it presses against the apex of the keel ; 
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the insect tbus carries away polien and may effect cross-pollination. In the 
different flowers this arrangement is modided in various ways to promote 
pollination. 5000 species (319 genera); especially in the Tropics, where many 
are important forest trees.— The following plants are used foe food: Piaum 
sativum (W. Asia?) and arvense (Italy); Phaseolus vulgaris (Kidney-bean, 

American; Dolickos sineusis was known to the Greeks and Romans under 
the name “ 0 a<r? 7 Xos,” ‘‘ phaseolus ”), P. comjjressm (French-bean), etc. ; Fuha 
vulgaris (Field-bean, Horse-bean; from the Old World) ; Ervum lens iLcntii, 

Eastern Mediterranean) ; in tropical countries the oii-coutaining seeds of Amchb 
The following are fodber plants: Vida satira, fuha mdgaris, 

OmbrycMs sativa (Sainfom), Medicago sativa (Lucerne), and lupuliua (Medick), 
species of Trifolmni, Hedysarum conmarium. Officinal: “Llpioriee root,” 
from Glycyrrhiza glabra (S. Europe); “Red Sandalwood,” from Ptenvaryus i 

sautalinm (Tropical E. Asia) ; Gum Tragacanth, from species |E. 

Mediterranean) ; Balsam of Peru, from Tolmfera perefns, and Balsam of Tolu, 

from Toluifera baUamum. Calabar-beans, from Physostigma veusuosum ; Kino, 

horn Pterocayyus 7narsupmm; the pith of Andira araroha is used under the 

name of Chrysarobin.” — Of use technically : Genista tim’fona (yellow dye) j 

and Jndfpo/(gra-species (Indigo), the bast of Crotalaria jnncea (Bnnn Hemp); | 

the seeds of Dqrteryx, which contain Coumarin, and are highly scented, and 

Balsam of Myroxyloyi. Poisonous : the seeds of Laburnum (Cytisus laburnum)^ 

various species of Lathyrus^ and Abrus precatorim ; the latter contain two | 

poisonous proteids, paraglobiilin and albumose, which resemble snake-poison \ 

in their effects. The following are ornamental plants : Phaseolus multijlorus 

(Scarlet runner, from America), Bohinia pseudacacia, Amorplau Colutva^ Caro- 

nilla^ Indigofera dosiia, Wistaria pDlystachtjat GyUstts laburnum {LshhmnntXi, B, 

Europe, Orient.) and other species. 

Order 3. Mimosacese. The §owers are most, frequently 
bjpogyrious and regular, the iiestivation of the corolla is ralvate 
andTTn tlie majorityUFiristanees, that of the calyx also. The flower 
is ^42^..rsius, less frequently 5- or 3~nierous. — The flowers are 
generally small, but are always borne in compact, round ca^nhtla 
or spikes (Fig. 514) ; they are hypogynous or perigynons. The 
calyx is generally gamo-^epalotis and the corolla ga-viopeialous, the 
latter being frequently wanting. The stamens~u*e equal or 
double the number of the petals (Mimosa, etc., in Jf. ptidioa, e.g. 

S4, P4, A4, Gl) or (in Acacia, Inga, etc.) in a large, indefinite 
number, free or monadelphous, often united to the corolla (Fig. 

514 5). The colour of the flower in most cases is due to the long 

and numerous stamens. The fruit is various. The embryo is 

straight as in the Ceesalpiniacea?. Entada and many species of | 

Mimosa have a hat, straight, or somewhat sickle-like pod, which 

resembles the siliqua. of the Crucifer in that the sutures (in 

this instance, however, dorsal and ventral suture) persist as a , i 
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frame, but the intermediate portion divides, as in the transversely 
divided siliqna, into as many nnt-like portions as there are seeds. 
Some species have a pod of enormous dimensions. The seeds of 
Entada gigalobuim are often carried from the West Indies to the 
N. W. coasts of Europe by the Grulf Stream. — The fruit of .4 cacm 
in some species is an ordinary pod, in others it is transversely 
divided, or remains an undivided fruit, a nut. — This order includes 


b 



FiGi Acacia farrtesiana : a inflorescence; h flower. 


both trees and herbaceous plants, "which are often thorny ; the 
leaves are usually bipinnate (Fig. 514) and are sensitive, and also 
possess sleep-movements. — Many Australian Acacias have com- 
pound leaves only when young, but when old have phyllodta, Le, 
leaf-like petioles without blades, placed vertically. A large number 
have thorny stipules, which in some (Acacia sphcBrocephala) attain 
an enormous size, and serve as a home for ants, which in return 
protect their host-plant against the attacks of other, leaf-cutting 
ants. 
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Other genera besides those in entioned Vim: Aienanfherii^ Iks- 
mmithus^ Parhia^ Inga (with rather fleshy, indehiscenfc fruit), 
CalUandra^ etc. 

1350 species (30 genera); none natives of Europe, tlieir home being the 
Tropics and sub-tropical regions, especially Australia and Africa.— -Fossils in 
Tertiary.— Gums are found in many species of Acacia^ especially the African 
(Gum arabic) and Australian, of which some are ojidnaf. The bark, and also 
the fruits, contain a large amount of tannic acid and are used as astringents and 
in tanning (“ Bablah ” is the fruits of several species oi Acacia). Catechu is a 
valuable tanning material extracted from the wood of Acacia eafechu (E. lud ). 
The flowers of Acacia faimesiana (Fig. 514) are used in the manufacture of per- 
fumes. With us they are cultivated as ornamental plants, e.g. J. lophantha and 
many others, in conservatories. 


Family 22. Passifiorinae. 

The flowers are most frequently regular, o-merous in the three 
most external whorls, eucyclic and perigynons or epigynous, les.s 
frequently hypogynous. A characteristic feature is that the 


Fig. 515.-— Passijlom coeruJca (reduced). 

ovary is tricarpellary., unilocular^ and with S parietal placentm which 
sometimes meet in the central line {GucurMtacem). The styles are 
generally free and hijid. To all these characteristics, liowever, 
there are exceptions. The Cueurbitaeese are sometimes jrlaced among the 
Sympetalm, close to the Gampanulinm, but they are not allied to the Sympetalaj, 
from which they differ especially, for instance, in the structure of the ovule. 
The position of the Begoniaceie in this family is also open to doubt. 
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Order 1. Passifioraceae (Passion-flowers). The majority 
are herbs ^vhich climb by means of tendrils (modified branches) 
and have scattered, stipulate leaves, often palminerved and 
lobed (Fig. 515). The flowers, which are often large and 
beautiful, are regular, ^ , with S5, Po, Ao, G3 ; the calyx and 
corolla are perigifnoits, and immediately inside the corolla is 
the ''corona/’ consisting of numerous, tapering, fllamentous 
bodies, or sometimes united in rings, most frequently petaloid 
and coloured ; tlie stamens are raised on a long, round internode 
above the mp~Uke receptacle-, immediately above these is the 
gynoeceum with its 3 free styles and capitate stigmas ; the ovary 
is unilocular with 3 parietal placentse. Fruit most frequently a 
lerry. The seeds have an aril. 

210 species ; especially in Tropical America. Several Passzyfora-species are 
ornamental plants, and the fruits of some species are edible. 

Order 2. Papayaceae. The best known representative is the 
Papaw {Carica papaya), a Tropical American tree whose stem is 
usually un branched, and bears at its summit several large, palmi- 
lobed leaves on long stalks. The stem and leaves have latex. The 
large, Melon -like berries are edible, and for this reason it is culti- 
vated in the Tropics. Flowers unisexual, with slightly different 
structure in the (J- and 2 -flowers, besides intermediate forms. 
The a gamopetalous, the ? -flower a polypetaloiis 

corolla. —The milky juice contains a substance with similar action 
to pepsine. 10 stamens. 5 carpels. 

Order 3. Turneraceae. 85 species ; especially in America. 

Order 4. Sarny daceae. 160 species ; tropical. 

Order 5. Loasacese. Herbaceous plants seldom shrubs, some- 
times climbing, and nearly always studded with stiff hairs, in some 
instances stinging or hooked. The leaves ai^e most frequently 
palmilobed and without stipules. The flowers are regular, ^ , 
polypetalous, entirely epigynotis^ with 4~5 sepals, petals and sta- 
mens, or more frequently (by splitting) many stamens, those 
which are placed before the sepals being genet^ally barren and 
more or less petaloid; carpels most frequently 3, united into 
an inferior, unilocular ovary with 3 parietal placentas above 
which the receptacle, is generally more or less prolonged. Fruit 
a capsule; in Qronovia 2 i>u ovary with 1 ovule and fruit a nut. 

115 species ; principally from S. Am, A number of annuals are often grown in 
our gardens: Bart&nia aurea (CoXitomm) ; Mentzelia ; Cajophora; Gronovia, 
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Order 6 . Datiscaceae. 4 species, especially in the Tropics. — 
Datisca cannahim (Asia Minor) resembles the Hemp in external 
appearance. The flowers are dioecious, insignificant ; H -flowers: 
a low, gamosepalous calyx, no corolla, and an indefinite number oi 
stamens ; ? -flowers : epigijnous; ovary nniiocular with free, mostly 
bifid, styles, and generally 3 parietal plaeentie. Tn most cases the 
ovary is not entirely closed at the top (as in Beseda). 

Order 7. Begoniacese. This order principally comprises 
herbs or under-shrubs with succulent stems (having scattered vas- 
cular bundles in the pith) ; the leaves are arranged in two rows 



Fig. 516 , — Begonia rex (reduced). 


(a divei’gence of |) and are asymmetrical, as, a rule more or less 
obliquely cordate, or ovate with cordate base (Fig. 516) ; large, 
caducous stipules are present. Inflorescences dichasial, or nni- 
pared scorpioid cymes ; the flowers are unisexual ; the first ones 
(the oldest) are c? -flowers, while $ -flowers are found especially 
on the younger axes. The -flowers have most frequently 2 + 2 
coloured perianth-leaves, and many stamens collected into a bead 
in the centre of the flower; the ? -flowers, are epigynous with 5 
coloured perianth-leaves (placed spirally with a divergence of -|) 
and a trilocular ovary, bearing 3 bifid styles and 3 wings (the 
wings usually of unequal size); in the inner angle of each loculus 
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tliere is one large projecting placenta, or two plate-like placentfse 
(the bent back edges of the carpels) studded with ovules. Fruit 
a capsule, witli many extremely small seeds. — Begonia, 


420 species ; almost all from the Tropics (Am., Asia). — Many species, with 
varieties and hybrids, are ornamental plants in houses and conservatories, 
chiefly on account of the form, colour and markings of their leaves ; but also 
for their very beautiful flowers. They reproduce easily by adventitious buds 
from leaves and portions of leaves placed on damp soil; some have bulbils. 
Like the Oxalidefe they contain an acid sap. 


Order 8. Cucurbitaceae. The flower is e^igynous^ and, as a 
rule, is also provided with a leaf-like, cup- or bell-shaped receptacle 
above the ovary, to which the perianth and stamens are attached ; 
the flowers are regular, unisexual^ with rudiments of the other sex, 
and 5.-merous : sepals 5, narrow and pointed, with the median 
sepal posterior (Fig. 517), petals 5, stamens 5, and carpels 3 
(rarely 4-5) ; the corolla is gamojpetalous in the majority, poly- 
pe talons in some ; generally plicate-valvate in the bud. The anthers 




Fig. 517 . — ilchallium agreste. Diagram of a (J-anda $ -flower. 


ill the ^--flowers are extrorse, and monoihecious, i.e. only one half of 
each of the anthers of the 5 stamens is developed, tbe pollen-sac hav- 
ing frequently a peculiar ^-shaped curve (Fig. 518 *4, B) ; the 
stamens are either all united into a column {e,g, in Cucurhita), or 
they are united inpairSy so that only one remains free (Figs. 517 A-, 
518 ./i) ; in the latter case there appears to be one small stamen 
with a -shaped, pollen-sac and two larger ones, each with 

two curved pollen-sacs placed as in Fig. 517 A. The original form 
appears to be Fevillea with free petals and 5 free stamens. Some- 
times the rudiment of a gynoeceom is present. The carpels are 
united into an ovary with 3 (4—5) placentm formed by their united 
edges. These are thick, fleshy, and bifid, bearing a number of ovules 
on each side (Figs., 517 518 (7, D) j in general the placent^B are 
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Fig-. olS.—Citrullus colocyntUs : A -flower, cub open and S]>read out; B stamen 
C $ -flower in long section ; ?i recepuicle j ca calyx; D transverse section of ovary. 


(Fig. 518 C). Tlie fruit is most frequently a many-seeded bernj; 
in some it attains a considerable size and has a drm external layer 
{Gucurhita, Lage 7 iaria, etc.). The e^nbryo is straight, has no endo- 
sperm, but contains a large quantity of oiL The exceptions to the 
above characters ’will be found under the genera. 

Exclusively herbs, generally with stiff hairs and yellow dowers. 
Many species are annuals, others are, perennial, having tuberous 
roots or hypocotyls. The leaves are scattered, long-stalked, in 
most cases more or less heai’t-shaped, palminerved, palmilobed, 
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and exstipnlate; in their axils are found both flowers (singly, or in 
an inflorescence) and a vegetative bad, and ontside the axil, on the 
anodic^ side of the leaf^ a simple or hranched tendril^ by which the 
plant climbs (exceptions : e,g, Ucballium) . 

The position of the flowers, branches and tendrils situated in and near the 
leaf-axils is as follows. In the leaf-axils, a flower is borne (as a branch of the 
first order), $ or ? , according to the conditions of the various genera. This 
branch is not situated in the centre of the axil, but is removed slightly towards 
the anodic side of the leaf. Of its two bracteoles as a rule only the one lying on 
the anodic side is developed, namely as a tendril, which is displaced to a 
position outside the axil. The branch of the first order bears on its catodic side 
an inflorescence (in the axil of the suppressed bracteole), on the anodic side a 
vegetative bud which grows out into a branch like the main axis. The sub- 
tending leaf of this branch is thus the tendril ; but- when it has several arms 
the condition is complicated by the appearance of an accessory bud which 
unites with its subtending leaf, the tendril, i's leaves also becoming tendrils 
(situated on an undeveloped internode) ; the many-branched tendril is thus a 
branch, and the tendril-arms are its leaves, except the main arm which is its 
subtending leaf. Other explanations of these difficult relations have been given. 
— The germination is somewhat peculiar, owing to the fact that a heel- like pro- 
longation is formed at the base of the hypocotyl to assist in separating the two 
halves of the testa from each other, and to facilitate the unfolding of the 
cotyledons. 

Cwmrb/fa (Pumpkin, Marrow) has brancbed tendrils ; tlie flowers 
are moncecious, and are borne singly ; the corolla is bell- shaped, and 
divided almost as far as the middle. The stamens are all united 
into a tube; tlie compressed seeds have a thick, blunt edge. 
— Gnctimis has (generally) unbranclied tendrils; the 5 -flowers are 
borne singly, whilst the J^-flowe3's are borne in groups : the corolla 
is divided nearly as far as the base, and the stamens are united 
2-2-1. The connective is elongated above the anthers. The seeds 
have a sharp edge. — Citrtdlus (Fig. ,518) has a coi*olla similar to 
Cmimiis, but 5 (J -flowers are borne singly ; the stigma is 
only 3-lobed, the fruit most frequently spherical. — Echallmm 
(Squirting Cucumber, only 1 species, E. elateriitrn) has no tendrils, 
and is therefore not a climber. The oblong fruit is pendulous 
from the apex of its stalk, and when ripe is distended with an 
acrid, watery fluid ; on being touched the fruit is detached, and the 
seeds, together with the watery fluid, are violently ejected through 

1 If we suppose a spiral line drawn through the leaves upwards on a stem 
with scattered leaves (in the shortest way), then the side of the leaf first 
touched is the catodic, or descending, and the other the anodic, or ascending 
side. 


PASSIFLORIN^:, 


481 


the aperture formed at the base of the fruit. The ^-flowers are 
borne in raeernes near the solitary $ -dowers (Fig*. 5i7).—Xh7/6nm 
(White }3ryony) has chiefly unbranched tendrils and small, 
greenish-yellow, usually dioecious flowers with rotate corolla, 
in many-flowered inflorescences ; the small, spherical berry has 
no specially firm outer layer, and generally only few seeds. 
The tap-root and a few of the other roots are tuberous. B, 
alba (berry black; monoecious) and dloica (berry red ; dicecious). 
Among other genera maybe mentioned: Lagenaria (Gourd); tiie fruit has a 
woody external layer which, after the removal of the pulpy integument, may be 
used as a gourd. Lu^a has a polypetalous corolla ; the fruit is dry, and consists 
internally of a network of vascular bundles ; it opens by an aperture at the 
summit. Beninmaa ; the fruit has a close, bluish coating of wax. Trichos- 
antJies (Snake Cucumber) has a thin, round, long and curved fruit. Jlomordica ; 
the lieshy fruit opens and ejects the seeds. Cijclanthera takes its name from 
the staminal column which is found in the centre of the (? -flower, bearing a bi- 
locular, ringdike anther which opens by a horizontal cleft. The fruit is uni- 
locular by suppression, has 1 placenta, and when touched opens and ejects the 
seeds. Sicyos and Sechinm have only unilocular ovaries with one pendulous 
ovule. >Scc7i/ Mu<.has, moreover, 5 free stamens, of which only one is halved, the 
other 4 having both halves of the anther. Fevillea and Thladiaiitha also have 
5 free stamens. ■Bimoiylwchltnmjs has dimorphic flowers. 

Pollination is effected by insects, chiefly bees or wasps, the nectar being 
secreted by the inner, yellow portion of the receptacle ; in the slower access 
is gained to the nectar through the slits between the stamens, which arch over 
the nectary. — 85 genera ; about 037 species ; especially in the Tropics. Only 
two are found in the whole of N. Europe, Bryonia alba and diotca ; in S. 
Europe, Ecballiim also. Most of the cultivated species have been obtained 
from Asia, such as the Cucumber, Melon, Golocynth, several L?{//k-species (the 
‘‘ Gourds ” mentioned in Scripture are Cmumis chate) ; from Africa, the 
\Yater-i'nelon, Cucurhita luaxivta, and others; from S. Am., no doubt, the 
Pumpkin {C. 2 yepo and melopepo). Uses. Many species are used in medicine 
or for domestic purposes. Bitter^ poisonous properties are found ; the fruits of 
the two officinal ones are purgative : Citndhis colony 7UMs (Mediterranean, E. 
India, Ceylon) and Echallhm elatevium, as well as various tropical species, the 
roots of Bryonia, etc. — The following are cultivated as aeticles of food : 
Pumpkin {Cucurhita pepo, etc.), Cucumber (Cucumis sativus)^ Melon {Cuctmu 
melo), the Water-melon (Citrullus vulgaris)^ Sechium ediile (Choclio), certain 
species of Luff a (the young fruit). The Bottle Gourd is cultivated in tropical 
countries for the sake of its hard pericarp, which is useful for bowls, bottles, 
etc. The fruits of Lnffa have a number of reticulately felted, tolerably firm 
vascular bundles, which render them serviceable in various ways (as a kind of 
“sponge”). The Cucurhits are. of no use in the manufactures. Only a 
few are cultivated as ornamental plants, chiefly as curiosities. 
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Family 23. Myrtiflorae. 

The leaves are most frequently opposite, simple, ent we (rarely 
dentate), and exstipidate. The flowers are regtdar and epigynous 
(perigynons in Lyihracece and a few others), ?, polypetalous ; the 
number of members in a whorl is generally 4 or 5 (S, P, A, or most 
frequently A 2, G), but sometimes it becomes (e,g. Myrtles and 
LytJiracem) very large in the andrmcium by splitting, and in the 
gjnoeceum also is often different. (When suppression tabes place 
it is principally in the corolla and petal-stamens.) In nearly all 
instances the calyx is vakate, Gynceceum multicarpellarj, 
multilocular, with only one style (except Haloragidacem). In the 
majority the ovules are situated on an axile placenta in the multi- 
locular ovary. Undosperm is wanting in the majority. —Less import- 
ant exceptions: Bhizophoracece and Gunnera have stipules. Halomtjidacece 
have several styles aud endosperm. Uhizophora also has endosperm. 

Order 1. Lythraceae. Hermaphrodite, perigynons flowers 
which are most frequently 6-merous, viz. S 6 (often with a com- 
missur al epicalyx,'" Fig. 519 c), one segment posterior, P6, A6 + 6 
or 6 4- 0 and G 2-6, forming a 2-6-locular 
ovary with many ovules in the loculi, 
style single, and capitate stigma. The 
gynoecenm is free at the base of the 
tubular, or bell-shaped, t/rw, strongly 
veined receptacle, which bears the other 
leaf- whorls on its edge and inner side. 
Fruit a capsule. No endospei*m. — To 
this order belong both herbs, shrubs and 
trees. The branches are frequently 
square, the leaves always undivided, entire, and without stipules, 
or with several very small stipules, and often opposite. The calyx 
is valvate. The flower is regular (except C-upliea) and frequently 
large and beautiful. The stamens are generally incurved in the 
bud, and the petals irregularly folded. 

Lythrum (Loose-strife). The flower is diplostemonoas and 
6-merous, with a long, tubular receptacle with epicaljx-teeth 
(Fig. 519 c). The 12 stamens are arranged in two tiers on the 
inner side of the receptacle. The gynoecenm is bi-carpellary. 
The flowers are borne in small dichasia in the leaf-axils, and their number 
is increased by accessory inflorescences beneath the main inflorescence, — 
The native species, X. salicariay is trimorphic (long-styled, mid- and short- 
styled forms, Fig. 520). Cross-pollination is chiefly effected by humble- 



Fig. ^19.— Lythrum salicnrla. 
c the epicalyx.'V 
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bees and bees, which seek the nectar formed at. the bottom of the recep- 
tacle. Other species are only dimorphic, or even monomorphic Close] 

allied are, Kess^sa, DipJnsodon, Lagerstrosmia, and Cuphna, whose 
flower resembles that of Lythrum^ 
but is zyg-omorphic. In Guphea the 
receptacle is oblique and at the 
back prolonged into a spur, in wliich 
the nectar, secreted by a gland 
situated behind the ovaiy, is col- 
lected ; the calyx and corolla gradu- 
ally become reduced in size toward 
the anterior side of the flower ; the 
reverse, however, is the case with 
the 11 stamens (the posterior one is 
absent) ; the posterior loculus in the 
bilocular ovary is sometimes barren ; 
the fruit, when ripe, dehisces along 
the posterior side, the ovary as well 
as the wall of the receptacle being 
ruptured by the placenta, which 
expands and projects freely. The 
flowers stand singly in the centre of the 
stem, between the pairs of leaves. This 
may be explained as follows ; of the two 
foliage-leaves in each pair, one supports a foliage-shoot, the other a flower ; 
the foliage-shoot remains in the axil, but the flower is displaced through the 
length of an entire internode to the next pair of leaves, and then assumes a 
position between these two leaves. All foliage-shoots stand in two rows, the 
flowers in two other rows. 

Pe2)Us (Water-purslane), a small, annual plant, with tbin, bell-shaped re- 
ceptacle without projecting nerves. The small flowers have no petal-stamens, 
and often also no corolla ; fruit indehiscent . — Ammannia is closely allied to it. 

365 species ; 30 genera ; mostly in the Tropics, aud more especially IS. Am, 
— Some yield e.g. Lawnonia inermis (cultivated in Africa and Asia) and 
Lagersinmiia indica ; some contain tannin ; others are ornamental plants, 
especially in gardens in warm countries. 

Order 2. Blattiaceae. 12 species. Tropical Asia and Africa, Trees. 
Formerly included with Punica, but best placed as an independent order. 

Order 8. Melastomacese. A very natural and very large order (150 
genex'a ; 2,500 species), its home being chiefly in tropical S. America, especially 
the Brazils (termed by Schouw “ The kingdom of Palms and Melastomaeem 
There are both herbaceous and arborescent species, which are easily recog- 
nized by the oi'posite or verticillate, simple leaves which have (with the excep- 
tion of a few heather-like species) 8-5-7-9 curved veins proceeding from the 
base of the leaf, and connected very regularly by closely parallel, transverse 


Fig. 520.— Lythrum salicaria. One 
side of the perianth is reraoveii from 
all three flowers. .-1 is long-styled, 
B mid-styled, and C short-styled , The 
direction of the arrows and dr>tted 
lines indicates t)je best (legitimate) 
methods of crossing. 
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veins. Tlie flower is perigynous or epigynons ; its type is that of the OnagraceaB 
(4~5-merous ; 1 whorl of sepals, petals and carpels, 2 of stamens) ; the calyx 
is valvate, the corolla is twisted (to the left) in estivation ; the stamens are 
very characteristic ; in the bud they are geniculate ; the anther opens in the 
often long, beak-like, prolonged point, with 1, less frequently with 2 pores, and 
has generally ear- like appendages at its base. The fruit is a berry or cap- 
sule. These large and beautiful flowering-plants play a very important part in 
South American landscapes ; otherwise they are of slight importance (a few are 
cultivated in conservatories, e.g, Centradenia^ 3Iedinilla, Lasimidra^ TiboucMna, 
2Uconia, eiG,). 

Order 4. CEnotheracese (or Onagraceae). The flowers are 
arranged in racemes or spikes, $ > epigynons, regular, polypetalons, 
4 -merow 5 in all 5 wlioAs (1 whorl of sepals, petals and carpels, 2 of 
stamens) ; 2-3-5~6-merous flowers are less frequent ; ilie calyx is 
valvate, the corolla twisted in estivation (the left edge being covered). 
Gynoecenm simple with mnltilocular ovary; the style is undivided, 
filiform, and bears a capitate or 4-parti te stigma ; endosperm want- 
ing ; embryo straight. — The majority are herbs, especially water- 
and marsh -plants; sevei*al are shrubs. No essential oils. The leaves 
are alternate or opposite, always single, and without (or with very 
small) stipules. The odourless flowers sometimes have a coloured calyx. 
In some instances {e.g, (Emthera, Fuchsia) the receptacle is prolonged more or 
less beyond the inferior ovary, and Anally falls off. The stamens are ohdiplos- 
temonous (carpels epipetalous) ; the petal-stamens are sometimes suppressed. 
The anthers in some genera are divided into storeys, flhe well- pronounced, 
triangular pollen-grains are connected together by viscous threads. Small 
stipules are sometimes found, e.g. Fuchsia, Lopezia, 

A. Fruit a capsule. (Enothera (Evening Primrose) is 4- 
merous, has 8 stamens, a tubular receptacle, and an oblong capsule 


Fig. 621.— Flower of Lopczitt. 

with loculicidal dehiscence leaving a centrally placed column, bear- 
ing the seeds . — Epilohium (Willow-herb) deviates fi^om CEnotheo'a 
especially in the seeds being hairy (at the chalazal end of the seed). 
— Chammierium is a Willow-herb with zygoraorphic fl.owers. — The 
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following may be included here : Clarkia, Eucliaridinm (an (Enothem with 4 
stamens and 3-lobed petals), Godetia and Boisdiivalia, Jitsuuea (dehiscence 
sep tici dal), rdia (petal-stamens absent, sometimes the petals also).— 
bas a peculiar, zygomorphic flower (Fig. 521) ; one of the four sepals is bent for- 
wards and the other d backwards ; the posterior petals are narrower than the 
2 anterior ones which are turned obliquely backwards and bent like a knee, with 
a greenish nectary at the bend; 2 stamens, one only fertile (the posterior), 
while the anterior is barren, petaloid, and spoon-shaped ; both are sensitive, 
which is essential for pollijiation. In Fig. 521, a represents an early stage, 
in which the stamen and style lie concealed in the staminode ; b is the ^ stage, 
the stamen projects from the centre of the flower ; c, the $ stage, the style 
occupies the place of the stamen. 

B. Fruit a berry. Fuchsia generally has a coloured calyx 
and tubular receptacle ; the corolla may be wanting. 

C. Fruit a nut. Gircma (Enchanter’s ISTightsliade) has a 
2-nierous flower (S2, P2, A2 + 0 [petal-stamens are wanting], G2). 
The flowers are borne in racemes without bracts.— 

D. Fruit a drupe. Trapa (Horn-nut) ; a peculiar aquatic 
plant; the submerged stem has long interiiodes and lanceolate 
leaves, falling ofl at an early period, but at each node are found 4 
long roots with thin, lateral roots (sometimes erroneously regarded 
as leaves) borne pinnately; the stem reaching the surface of 
the water, bears a rosette of i*hora bio foliage- leaves, with large, 
inflated stalks containing air, and forming the floating apparatus 
of the plants. In the axils of the leaves (as in Gimnera) S small, 
stipular structures are present. The flowers are solitary in. the axils 
of the foliage-leaves (S4, P4, A4 + 0, G2), semvepigynons. There is 
an 8-lobed, crenate disc on the free portion of the ovaxy ; one ovule 
in each loculus. The fruit is a drupe with 4 (or 2) prominent hoiuis 
(the persistent sepals), which after the pulp has decayed away bear a 
series of hooks turned downwards on each side, i.e. sclerenchyma- 
tous bundles which formeidy lay concealed in the pulp of the sepals. 
The germination is peculiar : one of the cotyledons is large, and its thick 
extremity remains in the fruit, the other however is small and is pushed out at 
the apex of the fruit together with the radicle and plumule ; the development of 
tbe root soon ceases, and the plumule usually grows into a stem entirely without 
branches, similar to the one described above, only that 1-2 precisely similar 
shoots arise in the axil of each cotyledon, so that each embryo produces B-5 
shoots.— by its mode of life, its 1-seeded fruit, etc., forms a transition to 
Jlaloragidacecs. 

The large-flowered forms are adapted for insect-polUnation and are often 
protandrous, the small-flowered ones are homogamous and may pollinate 
themselves. CEnothera is adaixted for hawk-moths and bees.— 330 species; 
especially in temperate climates, chiefly in the .Northern Hemisphere. Epilo- 
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Hum, Circaa are natives of this country ; Traya is extinct in this country, it 
has been found in a semi- fossilized condition near Cromer and in bogs in Den- 
mark, and existed in Sweden until a few years ago ; (Enoihera has been intro- 
duced from N. Am.—A number of N. Am. species are grown as ornamental 
plants in our gardens. The seeds of Tra^a natans are edible, and used as food 
in China. 

Order 5. Haloragidaceae. This is a rednced form of the 
OEnotheraeem, and principally differs from these in the presence of 
endosperm and free styles. Only 1 ovule in each loculus. — 84 species 
distributed over the entii'e globe ; the inajoritj are aquatic plants. 
The most advanced type is Myriophyllum (Water-Milfoil), with a 
regular, epigynons dower (S4, P4, A4 + 4, 04), most frequently 
diclinous (monoecious) ; the fruit is a 2-4:-partite schizocarp. 
Aquatic plants, most frequently with pectinate, pinnate leaves. — 
TIaloragis. — Gunnera (a dozen species from the Southern Hemisphere) forms 
the next step in the reduction. Large, scattered, rough-haired, and softly- 
spined leaves, with small flowers in crowded inflorescences. The flower, when 
most complete, has S2, P2, A2 (petal-stamens) and G2, forming an inferior, 
unilocular ovary with 1 ovule. It is remarkable for the great number of 
stipules placed in transverse rows in the leaf-axils, for the peculiar glandular 
organs, and for the colonies of Nostoc, which are found embedded in the 
cortex as a kind of parasite.— -The simplest form is Hippuris (Mare’s- 
tail) with an extremely small, crenate or entire calyx, without 
corolla, and with only one stamen and one carpel, forming an 
inferior, unilocular ovary with only one ovule. Fruit a drupe 
with thin pulp. It is an aquatic plant with creeping, sympodial rhizome, 
and erect unbranched shoots, hearing numerous small, verticillate leaves. The 
small flowers are situated singly in the leaf-axils. 

Order 6. Rhizophoraceae. Tropical trees or shrubs (50 species, the best 
known being lijuzophora mangle, Mangrove) which grow gregariously, especi- 
ally along the banks of rivers and by sea-coasts, where the water is quiet and 
brackish, and where they form the so-called Mangrove- swamps. Aerial roots 
are formed on the stems and branches (Fig. 522 A). The seeds germinate in 
the fruit, which by arrest contains only one seed (Fig, 522 B), before it is 
detached from the tree. The radicle projects considerably from the seed, and 
hangs down fively in the air ; when the embryo is finally detached from the 
mot her- plant, the separation is effected by the hood-like cotyledon, which 
entirely envelops the plumule, becoming detached from the rest of the embryo, 
which falls down, while the hood-like cotyledon remains enclosed in the fruit. 
The embryo, after it has fallen, strikes root, and continues grow ng in the 
undisturbed mud under the trees, or perhaps it may first be drifted about by 
the water, being well adapted for this by its peculiar, tough nature, and large, 
intercellular spaces. — It may also further be remarked that the atither is divided 
auto a number of small loculi. The leaves are stipu’ate. The endosperm projects 
from the micropyle, growing out from the base of the seed, and thus serves as 
an organ of suction to convey nutriment to the embryo from the mother-plant. 
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Order Y. Combretacese. Trees and slirubs, partly liaues. An inferiur, 
iiniioeiilar ovary with few pendulous ovules. Conocarpus and Ldfiuncnhiria 
form, in eonjunction with the species of Bhizophorace®, the tropical Man- 
grove-swamps. Terndnalia. — 280 species ; Tropics. 

Ordei" 8 . Myrtaceae (Myrtles), The plants belonging to this 
order are shrubs or trees, the majority being easily recognised 1 )y 
the vegetative characters. The leaves, for instance, are most fre- 
quently opposite, without stipules, undivided and entircj parch- 


PiG. 522 . — RhizopJwra mangle with fclie germinating fruit (much redacod 

nieiit-like or leathery, evergreen, ceroma/ir, finely dotted hy -j-^cdlueid 
glands containing essential oils ; the venation is pemiiiierved with a 
nerve just inside and running parallel to the edge of the leaf. 
The flowers are regular, epigynous (Figs. 523, 524, 525) and ^ , 
most frequently 4 - or 5 -merous in the calyx and corolla, with mmy 
stamens (by splitting, so that they are often in several distinct 
bundles) and an ovary with one style, formed of 2“5“many car- 
pels ; the receptacle is most fi’equently united for its entire length 
with the ovary. The fruit varies, but is most frequently a berry. 
The embryo is thick, often curved, with united cotyledons; no 
endospeimi. 
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1. Myrte.'E, Myrtle Group. Chiefly American, though some are 
found also in Africa and Asia. The fruit is a berry with generally 
2-5 loculi in the ovary, and many ovules in each. — Myi'tus; Eugenia 
(the petals fall off together as a hood in the Clove, E. caryophyllata. 
Figs. 523, 524) ; MyrcAa; Jamhosa ; Amomis ; Psiditmi, etc. 

2. PuNTCEiE, Pomegranate Group. Only 2 species {Punica grana- 
him; from Persia, Afghanistan), differing in several respects from 
the typical form of the Myrtacem. The leaves are generally 
opposite^ without glands and marginal veins. The receptacle, calyx 
and corolla are red ; the latter 5-8- (generally 6-) merous. Calyx 
yalvate and corolla folded as in Lythraceas, stamens also and 
epical yx as in this order. The most characteristic feature is the 
inferior, spherical berry, with dry pericarp, formed from two 


523. 524. 

Etgr. 523, 524 . — Eugenia caryophyllata^ 

Fig. 523.— Flowers (nat. size). 

Fig. 624.~A bud (“ clove ”)> long, sec, (mag.). 


Fig. 525 . — Punica granatuni. Flower, 
long. sec. (nat. size). 


whorls of carpels in two tiers (Fig. 525) ; the interior whorl, 
which is also the lower, has 3 carpels, and the placentae are situated 
in the inner angles of the 3 loculi ; the external whorl is 5-merous, 
and the placentee have originally the same position in the inner 
angles of the loculi, but their position is changed to the outer side 
of the loculi owing to the growth of the wall of the ovary, which 
takes place early, causing the carpels to become, as it were, turned 
inside out, so that the part which was turned downwards is turned 
upwards, and the part which was turned inwards becomes turned 
outwards (as in MesembrianiJiemum) , The edible part of the 
fruit is the fleshy testa, as in Bihes. The cotyledons are rolled 
together spirally. 
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3. Lecythide/E. The majority are South American. The leaves are 
scattered, without pellucid glands, and frequently dentate. The tlowers are 
zygomorphic. The woody fruits are either indehiscent, or open by a lid. To 
this belong: Bertholletia {B. exceha), the seeds well known as “Brazil-nuts,” 

LecijtMs (SsL-^u(im8.-m\%Q ivom L. ollaria), 

4. Lepi:ospeeme.e. Almost entirely from Australia and the East Asian and 
Pacific Islands. The fruit is a capmle. The leaves are scattered, and in some 
placed edgewise by the twisting of the leaf-stalks.— EucaZi/ptKs, the Australian 
Gum-tree ; the calyx falls off like a lid (Figs. 526, 527). Some of the species 
attain gigantic heights, B. amygdalina 140-150 m. with a diameter of 8 m. 
The leaves in globulus are opposite and dorsi ventral on the young plant; on 
the older scattered, placed edgewise by the twisting of the leaf-stalk, and 
isolateral; Metrosideros^ Calothamnus (stamens distinctly polvadelphoiis), 
Mdcileuca^ Beptospevnuumy Callistevioii (the flowers areboz'ne in * spikes whose 
axis continues to grow after flowering, thus several zones of fruits may be seen 
on the same branch). 


Figs. 526, 527.— Facalj/pttis glulMlus, 

Fig. 526.~Loiig. sect, of flower. Fig, 527.— Flower opening. 

5. CHAMiELAtjciE^. Australian shrubs with heath-like appearance; they 
differ from the other Myrtaeeje in having a unilocular ovary with few, basal 
ovules, and a 1-seeded mtt. The sepals are often pappus-like, and divided into 
many bristles. — Cliamuslauciim, Darwinia, etc. 

This large order (2,100 species) is confined almost entirely to the Tropics, 
being found principally in America and Australia. In Europe, only Myrtits 
communis . — Several are useful on account of the large quantity of volatile oils 
(contained in internal glands) : the flower-buds (“Cloves”) of Eugenia cargo- 
phyllata.. (the Moluccas, cultivated in the Tropics, Figs. 523, 624) ; the unripe, 
dry berries (“ Pimento ”) of 3Iyrtus pimenta {Pimenta officinalis, W. Indies) ; 
Cajeput oil is extracted from 3Ielaleuca minor and leiicadendron (East Asian 
Islands). Eucalyptus glolmlits (Australia) has of late years become well known 
on account of its rapid growth, its hard wood, and its antipyretic qualities ; 
it is cultivated on swampy soils, which it helps to drain,— Officinal : “ Cloves,” 
and the cork of both stem and root of Punica granatunu Several have edible 
FEuiTS, such as Psidium guyava (Guava, yav. pomi/enm and pyriferum. Am.), 
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and fruits of tlie Bayberry-tree (Punenta acris, W. Ind.) ; Guava-rum from 
the berries of EwjenUh fiorihiinda. Tannin is found in large quantities e.g. in 
Punka. Gnm is formed by many Australian Eucalypti (“Gum-trees”), 
Ornahental plants cultivated in this country are : ^Jynus communis (Mediter- 
ranean), several in conservatories, especially the Australian Leptosperniea?, 
Eucalyptse and others. 

Family 24. Umbelliflorse. 

The flower is regular, ^ , and comjpletely epigynoits^ 5- or 4-merotis, 
with 1 w'horl of stamens and 5-2 carpels. Sepals very small., tooth- 
like. The corolla is polypetalous, most fo'equently valvate in cestivation. 
(least pronounced in the Umbelliferous plants). Round the base of 
the styles, wdiich are generally free, there is an epigynous (undivided, 
or divided) ^lectar-disc (“ stylar-foot ” : Figs. 528 R, 0,1); 539); 
the number of loculi in the ovary equals that of the carpels; only 
1 pendulous (anatropous) ovule (Fig. 528 0) in each loculus. Endo- 
sperm copious (Fig. 528 I)). To this must be added that the 
inflorescence in the majority of cases is an umhel or a capitulum, 
especially in the JJmhelUferm and Araliacem. Stipules are absent, 
but most frequently the base of the petiole forms a large sheath. 

The Umbelliflorse are on one side so closely allied to the Frangulinas, 
especially Ehamnacese, that they may perhaps be regarded as the epigynous 
continuation of this family. On the other hand, the similarities to the Eubi- 
ales, especially those between Cornacem and Sambucem, are so great that there 
is scarcely any character to distinguish them except the polypetaious corolla 
of the former and the gamopetalous corolla of the latter. Whether this is 
more than a merely analogous resemblance, and if not, whether the Cornacem 
at least should not be included in the Eubiales, must be left in abeyance. — The 
sepals are very small, as is generally the case in epigynous flowers. 

Order 1. Cornaceae. The majority of the species are shrubs 
with solid internodes, opposite (rarely scattered) leaves, which are 
simple, e^hiire (rarely incised), penninerved, without stipules or 
large sheatbs ; flowers /^-nierous (most frequently S4, P4, A4, G2), 
boime in dichasia which ai‘e either collected into corymbs (e.g. 
€or7i2is sangtmiea), or in closely ci*owded umbels or capitula 
(Gor?ius mas, 0. suecica), in which latter case there is often a large, 
leafy, or coloured, most frequently 4-leaved mvoluc^'e round the 
base of the inflorescence ; the style is ^mdivided, with lobed stigma ; 
the j raphe of the ovule is turned ouhvards. The fruit is a herry or 
a drupe, with a 1-4- locular stone or 2 free stones. 

Cornus (Dog-lvoodj Cornel) has S4, P4, A4, G2, Leaves opposite. 
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with a* bilocular, 2-seGded stone. — AuciiIjcl, dioecious ; nni- 
localarovarv; 1 ovule; 1 -seeded berry. — Garrya. — Ilelwitigia, 

80 species ; N. Temp. The fruits of Cornm mas are edible ; tlie wood ia 
very hard; gum is found in some. Several species of Cornm and Atiaiha 
japoniai (Japan) are cultivated as ornamental shrubs. 

Order 2 Araliacese (Ivies). Principally trees or slinihs with 
solid stems. The leaves are scattered^ simple or compound, with a 
sheath more or less developed. The flowers are most fretpiently 
situated in umbels or capitula which are either borne singly or in 
racemes, or in paniculate inflorescences. The small, most fre- 
quently yellowish-green flowers are y^-merous^ in the calyx, corolla, 
and androeicium ; the gynoeceum may be 5-mei^ous or may have 
some other number ( 2 ~-oo). The styles are most frequently several, 
free ; the ra^lie cf the ovules is tmmed imvards as in the Umbelli- 
ferous plants. The fruit is a drupe or herry. — Stellate hairs often 
occur. The petals generally have a broad base, and a thick apex which is 
slightly incurved, and a distinctly valvate estivation. 

Hedera helix (Ivy) climbs by adventitious roots. The leaves are 
palrainerved and lobed on the sterile branches, but often ovate and 
not lobed on the flowering branches. The flowers are yellowish -green 
and open in the autumn ; they are slightly protandrous, and are visited by 
flies and wasps. Berries black. Endosperm ruminate. — Pauax, Arali a (with. 
DimorpJunithus) . 

875 species, 51 genera; especially in the Tropics (E. Asia).— The Ivy, 
several species of Aralia, e.g. A, japonica (Fatsia), Gastonia palmata, are culti- 
vated as ornamental plants. Paper is manufactured from the pith of Aralia 
papyrifera (China). 

Orders. Umbelliferae. The stem is herhaceons with hvlloic 
internodes \ the leaves are scattered, and have a broad, amplexicaul 
base, a large, most frequently inflated sheath, and generally a pinnate 
(often very much dissected) blade. Entire leaves are found in Hydro- 
co'yle vulgaris ; Buplevrwn. 

The flowers are ^ , regular, small, but collected in compound 
umbels, that is, in “ simple umbels,’’ wdiich again are borne in 
umbels (for exceptions see HydrocotyJem) ; the external flowers in 
the simple umbel have often subtending bracts, which surround 
the base us an involucre, and may be termed the small mvolu’- 
ere; the internal ones have no bracts; when involucral leaves 
are present at the base of the compound umbel, they may be 
termed the large involucre. 

The flower has 5 sepals (the median, as usual, posterior), 5 |')etals, 
5 stamens and 2 carpels (in the median line) (Tig. 528). The 
calyx is often scarcely indicated. The petals have a short claw 
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Fig. 528.— -Vaucus carota with, flower and fruit. 


of tlie ovules being directed inwards. The fruit is schizocarj>., 
dividing into ttvo merioarps; the plane in which these separate 
coincides with that of the union of the carpels, and the two 
nut4ihe mericarps are in most genera kept together for awhile at 
the top of a thin, bifid, or undivided stalk {carpophore') which is in 
direct continuation with the dower-stalk (E'ig. 537). Each mericarp 
has most frequently 5 more or less strongly projecting ridges, the 
primary nVZ<7e$ (Figs. 530, 532, 534, 535, etc.), of which 3 lie on 
the back of the mericarp,' the dorm Z ridges^ and 2 on its edge near 
the plane of division^' the marginal ridges; five of these (10 ridges 


are most frequently obcordate, or have an incurved apex (Fig. 528 
n, C), being incurved in the hud ; they are white, rarely yellow 
(EWiel and Parsnips), blue or red. The flowers are sometimes 
zygoinorphic, especially those on the circumference of the umbel, 
and in that case it is the petal which is directed outside 
(anterior) which is the largest, and the two posterior are the 
smallest (e.g. Eeraclettm). The stamens are incurved in the bud. 
The 2 free styles unite at the base into the “ styiar-foot ” (.^Zy^opod), 
a swollen nectary (Fig. 528 B, G ) ; the ovary is bilocular, the raphe 
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in all in tlie entire fruit) are placed opposite the calyx- teeth 
and the others between them. In some genera there are in 
addition 4 secondary ridges to each mericarp between the primary 
ones (Fig. 528 JS7 : the secondary ridges bear the long bristles). 
Inside these secondary ridges, or inside the grooves between the 
primary ridges, when the secondary ridges are absent, oil ducts 
(vittm, schizogenous ducts) are found in the pericarp, most fre- 
quently one in each groove ; two are also often found on tlm 
ventral side of each mericarp (Pigs, 528^57, 530 oZ, etc.). The seed 
is most frequently united with the pericarp. The emhnjo is small 
and lies high up in the large, most frequently horny endosperm 
' (Fig. 528 I )), — The endosperm does not contain starch, hut oil, 
and presents three different forms, of important systematic value : 
(a) those which are quite fiat on the ventral side (i,e. the side 
turned towards the plane of splitting) (Figs. b2SE, 530, 531, 534, 
etc.) : the majority of the genera, Orthospermeji {e.g. Ccmim, Fas- 
tinaca) ; (b) those in which the endosperm on the ventral side is 
provided with a longitudinal groove, often deep: CAMFYLOSPERMEiE 
(e,g. Anthriscus) \ the transverse section is nearly a crescent (Fig. 
532); (c) those in which the endosperm is concave on the ventral 
side (hollow in both longitudinal and transverse sections) : Cu-i.o* 
SPERME^ (e,g, Coriandrtim) (Pig. 538). 

The genera are distinguished first of all by the endosperm and forms of fruit, 
the ridges and oil-ducts ; then by the form of the umbel, the calyx and corolla, 
by the absence or presence of an involucre, etc. 

I. Hydrocotyleje, Pei^ny-wort Group. Capitula ov simple timheU 
(all the other groups have compound umbels). No oil-ducts. 
Orthospermous. — Ilydrocotyle (Penny- wort) . 

The fruit is ccmsiderably compressed laterally 
(Fig. 529). The calyx-teeth are small. The 
leaves are peltate. — Didiscus. — Sanictda (Saii- 
nicle). The umbels are small, capitate, gener- 
ally collected in a raceme; calyx-teeth distinct. 

(J and ? -flowers in the same umbel. The 
fruits are round, studded with hooked bristles. 

No carpophore. — Astrantia has an umbel sur- 
rounded by a large, often colonized involucre, 
with this exception it is the same as the pre- 
ceding, but the fruit is slightly compressed, 
with 5 equal ridges. Hacquetia {Dmidia).- 
Bryngium (Sea Holly) : leaves often thorny. 



Pig, 52a — Ilyil rocoiyh: 
vxdgaris. Q'x'imsverse 
section of fruit. 






I 


The flowers are all 
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sessile, tlie inflorescence is tlias a capitiiliim; each flower is 
often subtended by a bract, which is thorny like the involucre, 
reseinbiin,^ the burrs of tbe Teasel. The sepals are large. — 
Lafjoicia : one of the loculi of the ovazy is suppressed. 

2. Am.mie.e, Caraway Group (Figs. 530-532). The fruit has 
only the 10 primary ridges ; it is usually short, almost spherical or 
broadly ovate and distinctly compressed laterally. Oil-canals are 


-Fruit of Carum jyetroselinum : fr einlo- 
sperm j oi oil-ducts. 


Fig. 531.— PtmpineUa. Transverse 
section of fruit. 


most freqnently present. Orthospermous (except Conium). — Cicufa 
(Cow-bane). Pointed calyx-teeth. Glabrous herbs with pinnate or 
bi-piimate leaves. C, virosa has a thick, vertical rhizome, divided by transverse 
septa into many compartments ; the leaflets are narrow, lanceolate, and dentate ; 
the large involucre is wanting . — Apium (Celery), No calyx-teeth. A. 
graveolens,^ maritime plant, has neither large nor small involucre; 
the umbels are short -stalked or sessile . — Carum (Caraway). Calyx- 
teeth small ; the large involucre is -wanting or is only few-leaved. 
C. carvi (Caraway). G, petroseimuoii^ Parsley (Fig- 530). Fal- 
caria; Ammi; Ilelosciadmm; Bupleurum (Hare’s-ear) with simple 
leaves and yellow corolla ; Firnphiella (Fig. 531) ; Shim ; 3]go- 

podium (J. podat/rarm, Gont- 
weed) has hi- or tri-ternate 
leaves, with ovate, dentate 
leaflets ; the large involucre 
is wanting. — Conium is cani- 
pylospermous (Fig. 532) ; the 
short, broadly ovate fruit has 
distinctly projecting, often 
wavy crenulate ridges. G, 
maculahim (Hemlock) has a 
round, smooth stein with 

Fig. 532.— Couium mttcularum. Fruit enti'»’e 

and iu transverse fcectiou, purplish SpotS. 
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3. ScAXBiCEiE. Tills group has a distinctly oblong or linear fruit 
which is slightly com.p'essed Laterally, and generally prolonged up- 
wards into a “beak”; wings absent. Gampylosperinotis. Otherwise 
as in the Amraieaa. — A7ithrisciis (Beaked Parsley) has a lanceolate 
fruit, round on the dorsal side, wdthout ridges, but with a ten- 
ridged beak. — Scandix {Shepherd's-needL\e).—Gha3wphyllmn (Chei*- 
vil): fruit lanceolate or linear with low, blunt ridges; beak absent 
or very short. G. temulum. has a red-spotted, hairy stem. — Myrrhis 
(Cicely) has a short beak and sharp, almost winged ridges. M 
odorata (Sweet Cicely) has very long fruits. 

4. StiSELiXK/E, Fennel Group (Figs. 533, 534). The fruit is 
slightly elliptical or oblong, in transverse section circular or nearly 
so, without grooves in the dividing plane; only primary ridges 
are present. Orthosperrnous. — Fcenicuhim (Fennel) has yellow 




Fig. oS3—(E)ianthe 'phellandriiim. Fruit entire Fig. oM.'—Fmniculuni vvhjarc 

and in transverse section, enib The embryo; Fruit in transverse section, 

ol the oil-ducts ; /)* endosjjerm. 

petals; both involucres are wanting; the fruit is ohlong. The 
ridges are thick, all equally developed, or the lateral ridges are 
slightly larger (Fig. 534). — JEthusa (J. cynapmm, Fool’s Parsley) ; 
the large involucre is wanting or is reduced to one leaf, tlie small 
involucre is composed of three linear leaves which hang down- 
wards on the outer side of the umbels. The fruit is spherical- 
ovate, with thick, sharp, keeled ridges, the lateral ones of which 
are the broadest. — OEnanthe (Dropwort) ; the fruit (Fig. 533) has 
usually an ovate, lanceolate form, with distinct, pointed sepals and 
long, erect styles; the ridges are very blunt, the marginal ones a 
trifle broader than the others. — Sesell, Lihanotis, Gnidium, Siler, 
Silaiis, Meum, etc. 



496 


DieOTYLEDONES. 


5. P EUCE DANE Ji, Parsnip G'ROUp (Pigs. 535-537). Tlie fruit is 
most frequently very strongly comprmecZ dors ally, with broad, 
mostly lateral ridges. Only primary ridges. The dorsal 

ridges may project considerably, but are not winged. Ortlio- 
spermous. 


Wig. BZa.~-’ArehangeUca officinalis. ¥ig. &36.-~Scorodosmaf<£fMutn. 

Transverse section of fruit. Transverse section of fruit. 

a. The winged lateral ridges stand out from each other ^ so that 
the fruit appears to be 4- winged (Pig. 535). — Angelica; Arch- 
angelica (Pig. 535) ; Levisticum (Lovage). 

b. The winged lateral ridges lie close together^ and form one 
wing on each side of the fruit (Pig. 536). — Pastinaca (Parsnip). 
Corolla yellow. The dorsal ridges are very weak ; the oil- ducts 
do not reach quite as far as the base of the fruit. Both large and 
small involucres are wanting ; leaflets ovate. Anethum (Dill) is a 
Parsnip with more distinct dorsal ridges and filamentous leaflets. 

Peucedanum (Hog’s-fennel) ; Ferula (with 
Scorodosma, Pig. 536, and NoA'iheF) *, ''Borema,^ 
— Seracleum (Cow-parsnip) ; the dowers iii 
the margin of the umbels are often very 
large, zygomorphic, and project like rays, 
e.g. in II. sibiricum. The fruit is very dat, 
with very small dorsal ridges ; the oil-ducts 
are more or less club-like and do not reach 
as far as the base of the fruit (Pig. 537). 
Imperatoria ; Turdylium. 

6 . Dauceje, Carrot Group (Pig. 528). The fruit has 18 ridges, 
i.e. each fruitlet has 5 primary and 4 secondary ridges, the latter 
being often more px'ominent and projecting further than the 
primary ones. The oil-ducts are situated under the secondary 
ridges (Pig. 528). 

a. Orthospermous : Baucus (Carrot). The secondary ridges 
project much further than the primary, and bear on their crests a 



PiG. 537.—JE[eracleuMS’p}ion^ 
dylium. Fruit. 
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Fig. SSS.—Coyiandnmi saiimm : h secondary lidges ; d primary ridges ; / endosperm 5 

I embryo. 

iiatarallj; all tlie ridges project only very slightly, the curved 
primary ones least, the secondary ridges most. 

Pollination. The fio’^’ers are adapted for insect-pollination ; they secrete 
nectar at tlie base of the styles ; individually they are rather small and in- 
significant, but yet are rendered conspicuous by being always crowded in 
many- flowered inflorescences. Frotandry is common, sometimes to such an 
extent that the stamens have already fallen ofif before the styles begin to develoi> 
(Pig o39, 2), Insect visits are more frequent and numerous as the inflorescences 
are more conspicuous. The flowers as a rule are 5 » d -flowers are often 
found interspersed among the others (Fig. 539), and the number of these 
becomes greater on the umbels developed at the latest period. A terminal 
flower, which differs from the others in form, and in JDaucus carota often in 
colour also (purple), is sometimes found in the umbel. The nectar lies so 
exposed and flat that the flowers are principally visited by insects with short 
probosces, especially Diptera ; bees are less frequent visitors, and butterflies 
rare. —1400 species (175 genera) especially from temperate climates in Europe, 
Asia, N. Am. About 68 species in this country. , 

W. B. K K 
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Uses. A few are cultivated as ornamental plants. They are , however, useful 
in medicine,^ and for culinary purposes on account of the essential oils and 
(jum-rebius which in many are formed in root, stem, and fruit. The fruits of 
the following are used: Canim carvi f (Caraway), C arum 2^etroseU mini (Vavs- 
ley ; also the leaves and root ; its home is the Eastern Mediterranean) ; 
Fomicvlum capillaceim f (Fennel; S. Europe); Fimjnnella anUuni f (Anise; 
E. Mediterranean); Conandrum sativum, f (Coriander; S, Eur.) ; (Enanthe 
2 )}u'Uandriin)i (Water Drop-wort); C umimim cyminum {Foint ; Africa; 

cultivated in S. Europe); Anethum r/ rave olens (Dill). The leaves of the follow- 
ing are used as pot-herbs: Anthrisens cerefolui m [ChoxYil) : MyrrJiU odorata 
(Sweet Cicely ; Orient.); Conium viaciilatim (the green portions ; Hemlock). 
Besides Parsley, the roots of the following are used : Carrot, Parsnip, Stum 
sisarum {Sugar-root; E. Asia); Chcerophylluni hulhasum (Chervil-root); Levi- 
sticnm officinale (foliage-shoots ; S. Europe) ; Imperatoria ostruthlum ; Apia in 
grateolens (Celery, the root in conjunction with the internodes) ; Pinipinella 


Ym, o39.~-Antltn$cus Silvester : 1 -flower; 2 ^-flower 


saxifraya and magna (Pimpinell) ; Arch angelica (Angelica, the root of A. 
norvegica w^as formerly an article of food in Korway). .Poisonous alkaloids are 
found in a few, such as Fool’s Parsley {JEthusa cipiaphim)^ Hemlock {Conitim 
maculatum), CoAV-bane {Cicuta virosa) and species of (Enanthe. — Gum-resin is 
extracted from various species; “Galbanum” imm Ferula galban{flua ]■ and 
rnhricalis f (Persia) ; Asafoetida from Ferula scorodosma f and F, narthex f ; 
Ammoniac-gum from Dorema ammoniacum f, all from Central and S. W. Asia. 

Silphiuni'^ was an Umbelliferous plant which grew in ancient times in 
Gyrene, and from which the Bomans extracted a valued condiment. 


Family 25. Hysterophyta. 

This family (with tlie exception of ArivStoloclna(3e0e) includes 
only paraxsitic plants. Partly on this ground, and partly because 
they all have efigynom flowers, they are considered to belong to 
the youngest type (which is expressed in the name uorrepo?, the 
one that comes after). It is not certain to which of the preceding 
families they are most nearly allied. Again, it is a matter of doubt 

^ Those marked f are ofScinal, and when no home is stated, the plant is a 
native. 
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whether the Aristolochiacese are related to the others ; they are by Eogler 
united with Rafflesiaeeas into one family, ArUtolocUales, 

Order 1. Aristolochiacese. The majority are perennial 
herbs or twining shrubs, whose stalked, simple, and generally more 
or less cordate or reniform leaves are borne in 2 rows and are ex- 
stipiilate. The flowers are hermaphrodite, epigynotis, regular or 
zygomorphic ; perianth-leaves united, simple but most frequently 
petaloid and 3-mei'ous ; 6 or 12 (in Thottea as many as 36) stamens 
with exiroTse an the rs . The o vary 
is more or less completely 4-6- 

locular with ovules attached in IlliX 

the inner angles of the loculi MA 1 11^8 ^ l||'\ 

(Fig. 540 hf). The style is 

short, and has a large, i-adiating | |||||HM I i ll\ il 

stigma (Fig. 540, n). Fruit a , \ 

capsule. ' Seeds rich in endo- • JJ ^ 

As arum europseum. Each 
shoot has 2 reniform foliage- 
leaves, between which the ter- 

ininal flower is borne (the WSi 

rhizome becomes a sympodium ||jj| mR 

by development of the bud in Mil 

the axil of the upper foliage- Bm 

leaf). The flower is regular lllffl 

and has a bell-shaped perianth 

with . 3 outer valvate, and 3 j^m 

inner small segments (which , 
ma,y be wanting). 12 (2 x 6) 
free, extroi'se stamens, 6 carpels. 

' — Aristolochia clematitis (Birth- ^ 

wort) has an erect, unbranched 

stem, bearing many flowers in SEb// ^ 

the leaf-axils, in a zig-zag row ^ 

(accessory buds in a unipared immM Imff/ 

scorpioid cyme). The flowers 

Fiq. 640.— E'lowerof An'sioloc7tmcle«iafif/s 

are zygomorphic (Big. 540), (io„g. seat.). ^ Before poUiantion, aud B 
formed by 3 alternating, 6-mer- after; % stigma; a anthers; tan insect; Ilf 
ous whorls. The perianth has 

a lower, much-distended part (fe), succeeded by a narrow, bent 
tube (r), which passes over into an oblique, almost tongue-like pro- 
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jection (6 vascular bundles indicate that the number 6 is prevalent 
here, as in Asartim) ; 6 stamens (Fig. 540 a), with the dorsal por- 
tion turned upwards, are united with the short style to forma 
sfylar column ; they are placed quite beneath the 6 commissural 
stigmatic rays, wdiich arch over them as short, thick lobes. 
Protogynoiis ; Pollination is effected in AHst. clematitis by small flies ; these 
enter the erect unfertilised flower through the tube (Pig. 640 J , 0 without 
being prevented by tbe stiff, downwardly -turned hairs which line the tube and 
lU'event their escape; theyiind the stigma («) fully developed, and may pollinate 
it with tbe pollen they have brought with them. The stigmas then straighten 
and wither {B, ?i), the antliers open, and the flies may again be covered with 
pollen; but the hairs which blocked up the tube do not wither until the 
anthers have shed their pollen, and only then allow the imprisoned flies to 
escape and effect cross-pollination. Prior to pollination, the flowers stand 
erect, but after this has taken place they become pendulous, and the perianth 
soon withers. — A, sipho (Pipe-flower), another species, is a climber, and often 
grown in gardens ; it has only one row of accessory buds in the leaf-axils.— 200 
species ; chiefly in S. Am. Officinal ; the rhizome of Aristolochia serpent aria 
(N. Am.). 

Order 2. Santalacese, Parasites containing chlorophyll, which, by tbe help 
of peculiar organs of suction (haustoria) on their roots, live principally on the 
roots of other plants. Some are herbs, others under- shrubs. The regular, 
most frequently g -flowers have a simple perianth, which is gamophyllous, 3- or 
5 partite with the segments valvate in the bud, and a corresponding number 
of stamens opposite the perianth-leaves. In the inferior ovary there is a 
free, centralhj placed, often long and curved placenta with three ovules (one 
opposite each carpel) ; these are naked, or in any case have an extremely insig- 
nificant integument. Fruit 
a nut or drupe. Seed 
without testa. Endosperm 
fleshy. 225 species ; chiefly 
in the Tropics.— a 
native, is a herb with scat- 
tered, linear leaves and 
'■small''5 -merous ' flo werE.'.(P5,,';:. 
A5, G3) in erect racemes; 
the subtending bracts are 
displaced on the flower- 
stalks. Fruit a nut . — Osyns 
(diceeious shrub ; S-merous 
flowers) is another Europ- 
ean genus . — Santahim al- 
bum, which grows in E. 
Ind., yields the valuable, 
scented Sandal- wood, the 
Pig. fiait of which is used medi 

(slightly mag.) geminatii g cn a biauch. cinally . — Quinchamaliuin, 
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tlirongli the bark and emerge as young plants. The young stem qnicldy ceases 
its longitudinal growth, and lateral shoots are developed from the axils of its 
foliage -leaves. These and all following shoots have a similar structure ; each of 
them hears a pair of scale-leaves (Fig. 542 d, a) and a pair of foliage-leaves (Fig. 
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o42 A, h), and then terminates its growth, if it does not produce an inflorescence ; 
new lateral shoots proceed from the axils of the foliage-leaves, and the branch- 
ing, in consequence, is extremely regular and falsely dichotomous. Only one 
internode (shoot-generation) is formed each year, so that each fork indicates 
one year. The foliage-leaves fall o& in the second year. The inflorescence is 
a 3 (-5) -flowered dichasium (Pig. 542 A, m is the central flow^er, « the lateral). 
The plants are dimciom\ the d' -flower as a rule is 2-merous: perianth 
2 + 2, each leaf of which bears on its inner side 6-20 polien-saes, each of 
which opens by a pore ; this relationship may be considered to have arisen 
from the union of the perianth-leaves with the multilocular stamens (2 + 2) 
}3laced opposite them. The ^ -flowers always have Pr 2 + 2, G2. — Loran- 
thiis is also found in Europe (it has a 3-merous flower), especially in the 
central and south-eastern districts, on Quercus cerris and Q. piihescens ; but 
the great majority of the 520 species grow in the Tropics on trees which they 
ornament w’ith their often brightly-coloured flowers, and ultimately kill when 
present in too great numbers. The pollination in the numerous Loranthace® 
with unisexual flowers, is eflected by the wind. In Viscum album this takes 
place in autumn, the actual fertilisation in the following spring, and the 
maturity in November or December; in the succeeding month of May the 
berry is ready to germinate, and falls off. 

Uses. Birdlime from Fiscwm aZbitm. 

Order 4. Rafflesiaceae and Order 5. Balanophoraceas. These orders com- 
prise root-parasites, almost entirely devoid of chlorophyll ; they are reddish or 
yellow, without foliage-leaves (Fig, 543). As far as our knowledge of these rare 
tropical plants extends, they have thalloid organs of vegetation resembling the 
root-like strands of Viscum, or they are filamentous and branched like Fungus- 
hyphas ; they live in and on the tissues of the host-plant, from which their 
flowering-shoots, often of mushroom-like form, are subsequently developed 
(Fig. 543). In order to unfold they must often break through the tissues of 
the host-plant. 

Of the Rafelesiace.®, Cytimts hypocistvs is found in S. Europe living on roots 
of Cistiis-pliini& and to some extent resembling Monotropa (Fig. 543). Buffiesia 
is the best known ; it lives on roots of Cissus-speeies (belonging to the Ampe- 
lidaceaj) in Java; its yellowish-red, stinking flowers attain a gigantic size (one 
metre or more in diameter), and are borne almost directly on the roots of the 
host-plant. Besides these there are other genera : Briigmansia, Bilostyles, 
JIyd7iom . — To Balanophoeace.® (Fig. 543) belong: Balanophora, Langsdorjia, 
Scijbalium, Sarcophyte, Helosis, etc., and in S. Europe, Cynomojium coccineum. 

Sub-Class 2. Sympetalae. 

The characters which separate this from the first Sub-class, the 
Chori petal JB, haye been described on page 336. They consist in 
the following : the flower is always verticillate, generally with 5 
sepals, 5 petals, 5 stamens, and 2 carpels (in the median plane), 
the calyx is generally persistent and gamosepalous, tbe corolla is 
gamopetalons and united to the stamens, which are therefore 
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A. PENTAGYCLiCiE (five-weoeled). The fiowei'S in this section 
Iiave S whorls equal in number, namely, 2 staminal whorls in addi- 
tion to the calyx, corolla, and carpels ; in some instances, one of 
tlie staminal whorls is.rndimentary or entirely suppressed, but in 
this case it is frequently tlie sepal-stamens which are suppressed, 
and the whorl which is present stands opposite the petals. The 
flowers are regular. The number of carpels equals that of ike 
sepals, but in one of the orders (Bicornes) they are opposite the 
petals (the flower being obdiplostemonous) ; in the other two 
orders (Primulinse > B,nd Diospyrinas) thej are placed opposite the 
sepals (the flower being diplostemonous). This section is the 
most closely allied to the Choripetala©, since the petals may some- 
times be found entirely free, and the stamens inserted directly on 
the receptacle (Bricacese) ; ovules with two integuments are also 
found. It is very doubtful, whether the orders included under this head have 
any relationship with the other Sympetalse. They appear in any case to repre- 
sent older types. 

B. Tetracyclic.® (four- whorl ed). The flowers have only 4 
whorls, namely, beside sepals, petals, and carpels, only one whorl 
of stamens, which alternates with the petals j there is no trace ol: 
the second staminal whorl, and when the number of carjiels is tlie 
same as that of the preceding whorls (“ isomerous ”) they alternate 
with the stamens ; but in most cases there are 2 carpels placed in the 
median plane (see the diagrams, e.g. Figs. 559, 567, 583, 590, etc.). 
This section is the largest, and the one which shows the character- 
istics of the Sympetalse best. Very irregular flowers are met with. 

The following families belong to the Pentacyclicae : 26, 
Bicornes; 27, Biospyrinae ; 28, FrimuUnae. 

The remaining families belonging to the Tetracyclicae are : — 

a. Hypogynous flowers (with a few exceptions): 29, Tuhijhrse ; 
30, Personated ; 31, Nuculiferm ; 32, Contorts. 

b. Epigynous flowers: S3, jBithiales ; . 34s, BJpsacales ; 35, Cam- 
panulinm; 36, Aggregatae. The ovaries and ovules in the last 
family are always reduced to one; and at the same time the 
fruits become nuts, and the flowers are united into crowded 
inflorescences. 
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A. Pentacyclicae. 

Family 26. Bicornes. 

This family is chiefly composed of shrubs, less frequeutlj of 
small ti-ees, or perennial herbs; their leaves are undivided, most fre- 
quently evergreen, stiff and leathery, and always without stipules. 
Tlie flowers are ^ and rarely slightly zygomorphic, most 

frequently obdiplostemonous, and 4- or 5-merous through all the 
5 whorls. The stamens are attached to the receptacle^ and as a rule 
are quite free fi*om the petals, an attachment which is very rare 
among tlie Gamopetaiae. They have a simple gynoeceum with one 
undivided style, a commissural stigma, and a multilocular ovary, 
whose axile placentge project considerably into the loculi, and bear 
a large number of ovules. The placentae are sometimes not united, and 
in consequence, the ovary is 1-locular with incomplete partition-walls, e.g. 
Pyrola, Monotropa. Embryo straight, with endosperm. The carpels 
are placed opposite the petals. 

The diagram is generally Sn, Pn, An 4- n, Gn, in which n is 4 
or 5. To this may be added, that the corolla is in most cases gamo- 
petalons^ but in some (especially FyrolaGece) perfectly polypetalous ; 
and that the anthers usually open hy pores, and often have tiao horn- 
like appendages (hence the name “ Bicornes ”) (Figs. 545, 546) ; 
frequently the two halves of the anther are also wddely separated 
from each other at the upper end, so that the pores are p>laced eacli 
one at the end of its own tube (Fig. 546) ; the pollen-grains in 
the majority are united into tetrads (Fig. 542 B ). — The flowers, as 
a rule, are pendulous and borne in racemes, coloured (red or 
white), but odourless. When the fruit is a capsule, the placenta 
with the seeds attached persists as a central column. A mycorhiza 
occurs on many. 

The majority of plants belonging to this family inhabit cold 
and temperate countries, or high mountains in tropical regions ; 
they prefer cold and dry or damp places (bogs, heaths, etc.). 
Plentiful in N. America. 

Order 1. Pyrolaceee,. Ferenmol herbs ; petals most frequently 
quite free from each other, and falling off singly after flowering; 
the anthers are without appendages, and open by pores (Fig. 544), 
or by a transverse slit. The placenta are thick. The seeds in 
the fruit (loculicidal dehiscence) are exceeditigly small 

and light, they have a sac-like testa which loosely envelops them, 
an oily endosperm, and an extremely simple embryo, which consists 


Fig. 5il,— Pi/ro!a minor : A portions of a voting tlrnrer ; 
B the stigma j 0 portions of an older tiowor (longitmlinal 
section). 
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oTilj of an ellipsoidal, cellular mass, without cotyledons or differen- 
tiation into plnmule and radicle. 

Pijrola (Winter-green) is green, and has also large evergreen 
foliage-leaves. The dowers, 5-merous, are most frequently borne 
in racemes without a 

terminal flower; the / 1 ? 

anthers are extrorse ^ ^ // 

in the bud with the ! J 1) y \ 

pores in the lower por- » H 
tion (Fig. 544 ^), but 0 / vS I Jk] \ 

they become inverted \ 

at a later period, so ^*14 \ ■ I ^ ! 

that the pores open V / 

at the top (Fig. 544 0). 

P. unijlora has a single, Fig. 5il,— Pi/ roTa mwor: .4 portions of a voting tlovrer; 

terminal flower ; it winters ^ stigma j G portions of an older tiowor (longitmlinal 

by its roots, producing 

from these in the spring aerial, quite unbranclied shoots. Chimaphila umhdlata. 

Monotropa (Yellow Bird’s-nest) is very pale yellow, without 
chIox*ophy]l, succulent, and has only scale-like leaves closely pressed 
upon the stem ; it is a saprophyte. The raceme has a terminal 
flower, and is pendulous before flowering. The anthers open by a 
semicircular, transverse cleft. M, kypopihjs reiDroduces chiefly by root- 
shoots.,, ■ ■ . ,, ■ ■ , , , ■ ■ 

About 30 species, especially N. Europe, N. America, and N. Asia. 

Order 2. Ericaceee. The flower (Fig. 545) is hypogynotcs, the 
median sepal posterior; corolla, yaviopetalous ; the stamens are 
generally 2-hor7ied, and the fruit is a capsule^ less frequently n. 
berry or drupe. At tlie base of the ovary is a nectar-secreting* 
disc (Fig. 545 B). This order comprises shrubs or iindershriibs 
(rarely small trees), which are evergreen, axid as a rule have 
densely crowded leaves. 

I. EiaCEiE, Heath Group. Flowers most frequently 4-wmw.s' 
(S4, P4, A4 + 4, G4, united in a 4-locular gynoeceura), rarely 5- 
merous. The withered corolla persists after flowering. The leaves 
are most frequently acicular, opposite or verticillate; the buds are 
without scales. The fruit is a capsule . — Oalhma ((7. vulgaris^ 
Ling) has a deeply 4-cIeff corolla, which is less than the coloured 
calyx ; capsule with septicidal dehiscence . — Brioa (about 420 
species ; E. teh^alix^ Cross-leaved Heath) has a tubular or bell- 
shaped, 4-dentate corolla, which is mnch longer than the calyx. 
Capsule with locnlicidal dehiscence. — Fentapera. 


I 
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2. Andromede^. The flowers are 5-meroiis (S5, P5, A5 + 5, G5), 
wifcli deciduous corolla. Capsule with loculicidal dehiscence. The 
leaves are scattered, and incline more to the ordinary broad-leaved 
forms. — Andromeda; Gaultheria; Cassandra {Lyonia) ; Gassiope, 


Pig. 54:5.—Arctostapliylos uva-ur&i. 

3. Arbute^. The flowers as in the preceding group (Fig. 545), 
but the fruit is a berry or drape. Arctostaphylos {A. ura-ursi, Bear- 
berry) has a drupe with 5 stones in a dry, farinaceous pulp ; in 
other species there is 1 stone with several loculi. AoLutus (A, 
nnedo^ Strawberry-tree) has a spherical berry. 

Pollination is effected by means of insects, especially by bees. The pollen 
is light and dry, and is shaken out through the pores of the anthers when the 
insects agitate the horn-like appendages during their visits. Self-pollination 
takes place, no doubt, in many cases. — 800 species; the very large genus, 
Erica, especially in S. Africa (the Cape). — Officinal ; the leaves of Arctosia- 
plujlos uva ursi. Arbutus unedo (S. Europe) has an edible, peculiarly warted 
(strawberry-like) fruit. Many j5?nc«-species are cultivated as ornamental plants. 

Order 8. Rhodoraceae (Rhododendrons) . This differs from 
the preceding order in the median sepal being anterior^ and hence 
the position of the other fioral whorls is also reversed. The flower 
is hxjpogynouSy in most cases 5-merous; the corolla is most fre- 
quently deeply cleft or polypetalous, and falls off after flowering; 
the anthers open by pores, and have no horndihe appendages^ 
Capsule with sepHoidal dehiscence. — The shrubs or small trees 
belonging to this oi’der have, like the Yaecinese, ordinary foliage- 
leaves, and the buds are generally provided with large hud-scales. 
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orilj 5 staiiieBS, tlie petal-stamens being absent). They are Alpine 
plants (200 species) in tlie mountains of Asia, especially the 
Himalayas ; some in S. Eiii'ope. — Menziesia. — Ledum ; small, rusty- 
brown, hairy shrubs with polypetalons, expanded, star-like corolla, 
— Kahnia (H. Am.) has a cupular corolla, with 10 small, pocket- 
like depressions in which the anthers are concealed until the 
arched, elastic filaments are freed from this position by means 
of the insects, wdien they quickly straighten themselves in the 
centre of the flower. — Fhyllodoce ; Loiselettria (5 stamens) ; 
(Glethra (?) ; also placed among the Ternstrmmiacem). 

About 270 species. Several species are ornamental plants. Several plants 
of the order are more or less narcotic. Ledum palu^tre has been used as a sub- 
stitute for hops. 

Order 4. Diapensiaceae. Hypogynous flower. 3 floral-leaves beneath 
the flower (So, P5, Ao-j-O, G3). Stamens on the throat of the corolla. 
Pollen-grains single. Disc absent. Capsule loculicidal. — 9 species from the 
Arctic regions. It is doubtful whether this order should be incliided in the 
Bicornes ; perhaps it would he more correctly assigned to the Polemoniacea. 

Order 5. Epacridaceae. This order comprises those species of the family 
which are confined to Australia and the South Sea Islands. They are shrub-like 
plants, resembling the Ericaceae in -habit, in the inflorescence, and in the 
structure, form, and colour of the flower. They differ especially in having 
only 1 %"horl of stamens (placed opposite the sepals) and in the anthers having 
only 2 loculi, and opening by a longitudinal slit. Fruit most frequently a 
drupe (or loculicidal capsule). Eyacris- and Siyphelia- species are ornamental 
plants. About 325 species. 


Order 6 . Vacciniaceae (Bilberries). The flower (Fig. 546) 
is epigynous, the corolla (ja7nopetalous, and the fruit a berry. The 
latter is most frequently spherical, and bears on its apex the 
calyx, which is generally very low, almost entire, and with a disc- 
like expa^ision inside. The flower is 4- or 5-merous (B^ig, 546 1?). 

The anthers have 2 pores, and are most frequently 2-horned 
(Bhg. 546 F, Q). Small shrubs; the leaves are scattered, not 
needle-like. 

Vaccinium (Bilbeny, Whortleberry) has an urceolate, gamo- 
petalous, only slightly dentate corolla, and horn-Uke appendages 
10 the anthers (Bhg. 546). V. vitis idwa (Cowberry) is e^ergreen, with 
flowers in racemes, and bright red berries; V. (Bilberry) and V. 

uliginosiim {Bog Whortleberry) both have black berries with a blue bloom, leaves 
deciduous. — Oxycoccus has 2 ^ ' polypetalons corolla with the petals 
projecting backwards. Anthers without appendages. 0 . pulmtrU 
(Cranberry) has a slender, creeping stem, and is evergreen. Dark red berry. 
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Pollination essentially the same as the preceding order.— 320 species ; es- 
pecially in N. Am. Some are useful on account of their edible fruits, especially 
Yaccinium myrlillus and V. vitis-idcea, and in a less degree Oxycocciis. etc. 
The fruits of V, myrlillus ai'e officinal. 


Fjg. 5iS. — Vaccinium uliginosum (var. micro'pliyllum). The parts of the flower A-B are 
enlarged 5-6 times j C and E are longitudinal sections ; B and I) the flower seen 
from above j F and G a stamen seen from the back and front ; H the style and 
stigma. ' 


Family 27. Diospyrinse. 

The flowers are regular^ gam ope talons, typically diplostemonous, 
with the same number throughout all 5 whoids, thus : Sn, Pn, 
An + n, Gn, where n most frecpiently = 5 (4-6), rarely S, 7 or 8. 
Of the two whorls of stamens the one opposite the sepals is often 
present only as rudiments or is entii^ely suppressed, and the com- 
pletely developed stamens are thus placed oj^posite the petals. The 
carpels are generally placed opposite the sepals. The ovary is 
muUiloctdar with the ovules attached in the inner angles. The 
fruit is most frequently a herrij. The seeds are large, generally 
solitary, or a few in each loculus. — All plants belonging to this 
family are trees or shrubs with scattered^ single, most frequently 
entire, penninerved and leathery leaves without stipules ; the ma- 
jority are tropical (America, Asia), some are found in K Am. and 
the Mediterranean. 

Order 1. Sapotacese. Plants with latex ; anthers extrorse, 1 erect ovule 
in each loculus ; fruit a, berry ; the seeds with bony, shiny brown testa have a 
large, lateral Miami , The leaves are frequently covered with silky hairs.— A 
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useful order in several respects (400 tropical species). The wood of some 
genera, such as Sidemxylon (Iron wood) and is as hard as iron. The 

latex of Palacf Ilium {P. ohlongi folium, P, gutta, wod other 
and Puyena (Sumatra, E. Ind.), is the raw material of guttapercha. The 
following have very delicious fruit ^ : Lucuma mammosa, Achras sapota, 
Chnjsophyllum cainito (Star-apple), etc. The seeds of Basssia (E. Ind.) contain 
a large quantity of a fatty oil. Isonandra, MiiUusojis schimperi are often found 
in the Egyptian royal tombs. 

Order 2. Ebenaceas. Plants without latex, of ten dioecious ; flowers with a 
more or less leathery perianth. The number of stamens is sometimes increased 
(by splitting*?); ovules 1-2, pendulous in each loculus. Fruit a berry.— 250 
species ; chiefly tropical. Some are well known on account of their hard and 
black -coloured heart-wood, e.g. Maba ehenus (the Moluccas) and Diospyros 
ehemini (Ebony-wood, from Tropical Asia) and others.— The fruits are edible 
e.g. of Diospyros lot^is (Date-plum, Asia), which is also cultivated as an orna- 
mental shrub, together wdth several other species. 

Order 3. Styracacese. The ilower is more or less epigyuom, and the corolla 
is almost pohjpetalous. The stamens (by splitting ?) are more than double the 
number of the i^etals, and often united at the base. Stellate hairs are frequent. 
—235 species ; Tropical Asia and America, a few for example in the East. — 
Officinal: Gum -benzoin from Styrax benzoin and perhaps other specif's 
(Sumatra and Siam), llalesia tetraptera (N. Am.) is an ornamental shrub 
with 4-wmged fruits. 

Family 23. Primulinae. 

The flowers are regular^ hypogynotis, and garaopetalons. 
The stamens are equal in niimher to the petals (Fig. 547) and are 
placed opposite to them'. The ovary is unilocular, with afire, 
central placenta with 1-many ovules. — The flower is a further de- 
velopment of the Diospyrinse ; the suppression of the calyx- 
vstaraens, which commenced in this family, 
is carried further in the Primulinae, so that 
ill the majority of cases no trace of them 
is present, but in certain species and genera 
(Samolus, Lysima cilia thyrsiflora, tSoldanella, 
certain Myrsineae) some small bodies (scales, 
teeth, etc.) are found in the position of the 
suppressed stamens. Again, the lateral 
portions of the carpels are suppressed, so 
that the ventral placentm with the ovules 
are sepai‘ated from the dorsal portions, and 
are united into a free central placenta ; this theory is supported hy 
the branching of the vascular bundles, the development, and various 
comparative considerations. — Sn, Pn, AO + p, G-u; where n = 4-8, 
generally 5. The carpels are placed opposite the sepals (Fig. 547). 


Pig-. 6 i7.— 'Diagram of 
l^rimula. 
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mroses). This order has man?/ 
central ^placenta (Fig. 547) ; style 
undivided with a capitate stig- 
ma ; ovules semi-anatropous ; 
fruifc a capsxde with many seeds. 

All the plants belonging to 
this order are }ierhs\ stipules 
wanting ; the flower is most 
frequently 5-merous (S5, P5, 
AO + 5, G5; except Gentunculns 
and Trientalis), The corolla 
and capsule have various forms, 
but the capsule generally opens 
by teeth at the apex. The 
ovules are semi-anatropous (in 
Hottonia they are anatropous), 
and the seeds are therefore 
in the centre of one side. The 
The flowers are borne either in 
)les are typically absent (Fig. 547), 


Frimula (Primrose) has most frequently a vertical rhizome, 
bearing a rosette of leaves at its summit, and long-stalked umbels; 
corolla rotate or slightly funnel-shaped; the capsule opens at 

the apex by 5 teeth, 

shaped corolla with 
Fig. “-Cyclamen laciniate lobes and 

most frequently lignlar scales ). — Hottonia ("S^^ ater- Violet) is an 
aquatic plant with pectinate leaves and heterostyled flow'ers.-— 


PRIMULINJ;. 


513 



Cortusa. Bodecatheon, Cyclamen (Fig. 549) bas solitary, long- 
stalked flowers, and a rotate corolla with the lobes refiexed ; tbe 
stalk of the capsule rolls np spirally; the tuberous rhizome is 
formed by the hypocotyledonary internode. ’Only 1 cotyledon. — 
Lysimachia (Money- wort) ; stem-internodes well developed, leaves 
opposite or verticillate, calyx almost polysepaloiis, corolla deeply 
5-partite (Fig. 550). The flowers are solitary or in racemes. — 
Anngallis (Pimpernel), leaves opposite, flowers solitary; the fruit a 
pyxidium (Fig. 551) ; similarly m Centunculus^ which is 4-merous. 
— Trientalis, the flowers are most frequently 7-merous . — Glaux 
(Sea Milk-wort) is a creeping maritime plant with opposite leaves ; 
flowers solitaiy in the leaf-axils, corolla absent^ but with coloured 
calyx. The petals are usually developed later than the stamens in the Primii- 
lacefB ; but in this instance they are entirely suppressed. — Samolus (Brook- 


Fig. 5Z0.~-LysiinaQhia thyrsijiora. 


Pig, 551 , — AnaqalUs aro 
Praifc tleliiscing. 


weed) differs from all the others in having an epigyno 2 is flower; 
barren sepal- stamens are also present. The bracts in the race- 
mose inflorescences are displaced along the flower-stalks. 

Pollination. Insect-pollination in the majority; cross-pollmation is pro- 
moted in some by heterostyly (Fig. 548). — 300 species ; especially in northern 
temperate zones ; the majority on mountains {Soldanella, Androsace^ etc.) ; 
almost absent in tbe Tropics. A large number are, ornamental plants, e.g. 
Prunnla auricula (from the Alps), P. sinensis (China), P. elaiior (Oxslip, a 
native) and grandijiora, etc. Cyclamen europmm (Alpine Violet) ; the tubers 
are poisonous. 

Order 2. Myrsinaceae. Trees or shrubs; evergreen, tropical Primulacese 
Avith fleshy fruits and few seeds, embedded in the placenta. The leaves are 
nearly always dotted with yellow glands (schizogenous resin-receptacles). — 
550 species ; especially Am.—OENAMENTAL plants : A7*disia cremlata (W. Ind.) ; 
other genera: Clavija, Maesa, Theoplirasta (barren sepal-stamens), Myrsme, 
Jacqumia (barren sepal-stamens), etc. — Mgieeras^ allied to this order, comprises 
arborescent plants, often growing with lihizophora in tropical forests, along 
the shore. The embryo germinates while still in the fruit. 

W, B. I* h 
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Order 3. Plumbaginaceae. This order lias a position of tlie 
stamens similar to that in Primnlaeeffl (S5, P5, AO + o, G5), but it 
difiers from these in the flower, which has generally a membranous, 
diw, thin, coloured, folded, almost entire calyx and an almost 
entl-ely pohjpetaloits corolla, V7hich, as a rule, has twisted mstivation 
and is only united with the stamens at its base ; bat more especially 
it differs in the ovary, which bears 5 free or almost free siyles and 
only 1 fcaml ovule with a hug, twisted funicle (the placenta of the 
PrimnlacefB is hei'e so much reduced that it beais onlj 1 ovule). 
The fruit is a nut ov, capsule. The radicle is turned outwards. 
Endosperm mealy.— To this order belong herbs or under-shrubs, 
which are especially natives of the sea-coast and of salt-steppes ; 
they also resemble the Primulacese in the scattered, undivided, 
entire leaves (without stipules), often in rosettes, and the inflor- 
escence borne on a long stalk. In opposition to the PrimnlaceiB, 
the hracteoles are typically prresent, and, hence the branching is gene- 
rally cymose (scorpioid). 

Armeria (Thrift) has a round capihilum, composed of closely- 
packed dichasia, surrounded at its base by an involucre with 
peculiar prolongations, directed downwards, and united into a 
sheath protecting the intercalary zone of growth. The pericai-p 
is finally ruptured at the base, and di’ops oft’ like a hood. In 
Statice (Sea-lavender), the unipared scorpioid cymes are pro- 
longed and collected into panicle-like inflorescences .— is 
tbe gemis vvUieh approaches nearest to the PriinulacefB, aud differs most 
{rom'’the cliaraeters given above. It has capitate or spike-like inflorescences, a 
salver-shaped corolla, and the stamens are not attached to the corolla. The 
style is only divided at the extremity ; the calyx is not membranous, but is 
covered with sticky, glandular hairs. _ 

250 species ; chiefly in the Mediterranean and about the Caspian Sea, on salt- 
steppes aud beaches. Some are Tropical ; a few are ornamental plants. 

B. Tetracyclic®. 

a. Tetracyclic® with hypogynous flowers. 

Family 29. Tubiflor®. 

The flower is regular, $ , and hypogynous. The gamopetalous 
type is present in this family with great uniformity, without sup- 
pression or splitting; S5, PS. A5, G2 (3-5). The stamens are aU 
fertile, alternating with the lobes of the corolla. Gynocceum with 2, 
more seldom 3-5 syhearpons carpels. Style nearly always simple ; 
2 dorsal stigmas. In each carpel 2-3= ovules. At the base of the 
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ovaiy is found a yellowish ring-like nectary (Fig. 552 C), sometimes 
o-sinuate or 5-partite. — The leaves are nearly always scattered ; 
stipules are absent. The Solanaceaa, which formerly were classed here, are 
BO closely allied to the Persooatas, that it would be unnatural not to place them 
first in this family ; and the Boraginace® (which were also placed in the 
Tubifloi’cB) appear to be best united, with the Labiatie tind others, into one family 
Nuculifer®. 

Order 1. Polemoniaceae. The flowers are regular ; S5, Po, A5, G3. The 
calyx and corolla have united leaves, the petals twisted to the right in {edivn- 
iioiL (all the left edges being covered). The ovary is 3-locular with 2-oo ovules in 
each loculus; the style is trifld at the apex; the fruit is a 3-valved capsule. 
Embryo straight ; endosperm fleshy. The mflore.-'cenees are dichasia passing 
over into unipared helicoid cymes (the shoot of the lower bracteole being the 
more strongly developed). — Herbs without latex. 150 species ; especially 
Western N. Am. — Phlox (salver-shaped corolla ; entire, opposite leaves), Pole- 
moniunt (campanulate or almost rotate corolla; scattered, pinnace leaves), 
Leptosiphon, Gilia, Collmida, Cohcea (climbing, like the Vetches, by tendrils at 
the ends of the leaves), etc. They are frequently ornamental plants. 

Order 2. Hydrophyllaceas. This order approaches very closely to the 
Boraginacees. Herbs with pinnate or palmate leaves ; bo, P5, A5, G2 
The lobes of the corolla are imbricate in sestivation. Generally 2 median* 
carpels. The ovary is most Jr ejpiuejitlij U}iilj}e^^ and the seeds are situated 
ou 2 parietal placentce ; capsule 2-valved ; embryo straight ; endosperm fleshy. 
In Tile corolla-tube, opposite the corolla-lobes, there are frequently append- 
ages of various forms, which resemble those of Cuscufa. The inflorescences 
correspond exactly with those of the Boraginace®, being uuipared^scofpMd 
Climes, which, prior to opening, are tightly rolled up. — 130 species, especially 
in N. Am. (California, etc.). Many annual species of Phacejia, Nemophila. 
Whitlavia, Eutoca , Cosman.tJms, etc., are cultivated in gardens as ornamental 
plants. Hydrulea (has a bilocular ovary, and two free styles). 


Order 3. Convolvulaceae (Bindweeds). The flower is regu- 
lar, liypogynous, with 5 almost free sepals (quincuixcial jestivation), 
P5, A5, G2 (rarely 3-5). The corolla is very characteristic ; it 
is (with various forms) almost entire, or slightly 5-lobed, and 
folded longitudinally in the hud in such a way that 5 projecting, 
flat portions, tapering towards the top and frequently differing in 
colour and hairiness from the rest, are visible externally and 
applied close together, while the remainder of the corolla is folded 
inwards (Fig. 552 A) ; and hence the whole corolla is strongly 
twisted to the right in the bud. The gynoeceum most frequently has 
a bilocular ovary; in each loculus there are only 2 (erect) a ?iatropous 
ovules on the placenta, which is not especially thickened (Fig. 5o2 
JD, IS ) ; each loculus is sometimes divided into two by a false septum 
(a relationship with the Boraginacem^ etc.) ; style simple with 



Fig. 552 .— Cortvoluiil us scammonia, 


2. Dichondre®. This group is a more primitive loim, nor rynuib. 
■without latex. It has 2 free carpels -with basal style (as in Boragmace*) and 
valvate corolla. 

3 . CiTSCDTES, Dodder Group (Fig. 553). Parasites, with round, 
filamentous stems, bearing only acale-like leaves and almost desti- 
tute of chlorophyll (they are reddish or yellowish) ; they are 
pa.rusitic upon other plants, around which they tivine, first with 
narro'w, compact coils from vt'hich haustoria (li^- o53 ..4) are de 
veloped which enter the host-plant, and then with wider coils y 
which they raise themselves to other portions of their host or try 
to reach other plants. On germination a very temporary primary 
root is developed, which hears root-hairs as far as the tip (root- 
cap is wanting) ; it only serves as a kind of reservoir for water, and 
perishes very soon after the seedling has fastened on ^to a host. 
The emb’rvo is filamentous and rolled up spirally (Pig. 553 G), and 



8i0 species ; the majority in the Tropics, especially Am, Many are ornamen- 
tal plants. Officinal: some on account of their purgative properties: the 
tuberous roots of Ipomcsa purga (Jalap, from Mexico) and the dried latex 
(“ Seammony ”) of Convolvulus scammonia (from the East). The tuberous roots 
of Batatas ediilis (Trop. S. Am.) are used as a common vegetable (Sweet Potato) 
in the Tropics. 

Family 30. Personatae. 

The type o£ the flower is: S5, P5, A5 (of which one, or in 
some cases several, are suppressed), and G2, The flowers are 


is sometimes destitute of cotyledons. The flowers are crowded 
into capitulate inflorescences, complicated by accessory shoots 
(Fig. 553 A) ; they have S5, P5 {imlricate aestivation), A5 (and 
beneath the stamens 5 scales on the corolla-tabe), (j2. Fruit a 
capsule opening by a lid . — Ctiscuta mro^pma^ G, epilinmti (Flax-Dod- 
der), 0. epithymum (Lesser-Dodder), C. trifolii (Clover-Dodder), 
etc., are paivasitic on different hosts, or parasitic each on its own 
particular host. 


Fig. ooS.—Cusciita trifolii, parasitic on Hed Clover. A A portion of the stem with an 
inflorescence and haustoria (mag.) ; B seed (nat. size) ; C seed (mag.) ; D (luit. 

size). 
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liypogynous, ? , perfect wltli gamopetalons corolla, but most fre- 
quently irregular (medianly zygomorpbic, except Solanacete), the 
corolla being Ulabiaie (divided into a posterior pai-t of two lobes 
and an anterior part of three lobes), and the stamens 4, didynamous 
(the postei’ior being suppressed). The ovary has 2 loculi (only 1 
in Uiriculariacece, Oesiteriacece, Orohanche) ; the placenta in the 
first-named orders (1-7) is most fi-eqnently very thick, and bears a 
great many omdes (Figs. 554, 555, 557, 562) ; the number of ovules 
in the last orders (8-9) is considerably reduced (Fig. 570). 

Special mention may be made of the apparently 4-merous 
flower which is found, e.g. in Veronica and Plantago (Figs. 5l>/, 
562(7, 570, 571), and vphich arises from the typical 5-merous 
flow’er by the suppx-ession of the posterior sepal and the posterior 
stamen, and by the union of the two posterior petals into one.— 
Terminal flowers very seldom occur on the main axis, and 'would 
not harmonise w'ell with the very irregular form of the flower. 
When they do occur, they are, as a rule, “ peloric,” i.e. regukr (in 
Linaria vulgaris two kinds of peloric flowers occur,— one with o 
spurs, and one without spurs). The halves of the anthers are often 
divided as far as the base, and laterally so widely separated from 
each other as to assume an almost straight line (Figs. 563, 564). 
There is generally a nectary (“ disc ”) round the base of the ovary, 
often 5-lobed (or divided into free glands).— A common vegetative 
eliaracteristic is tlie absence of stipules. 

The 9' orders of the Personatie are ; 1, Solanacete ; 2, Nolanacea); Scrophn- 
laiiacete; 4, Utricnlariaceaa ; 5, Gesneriacete ; 6, Bignoniaceai ; 7, Pedaliacete ; 
8, Aeanthacete ; 9, Plantaginacete. 

Order 1. Solanacese. The flower (Figs. 554, 555, 559; is 
liypogynous, regular (zygomorphic in Hyoscyainus') ^ 5 , and gaino- 
petalous, with S5, P5 (most frequently 
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but witli variously formed laminae (always peiininerved). A 
peculiar leaf- arrangement is found in many species, viz. tlie leaves 
are borne in pairs, a large and a smaller one together ; these pairs 
stand in 2 rows, and the flow'ers are then situated hetweeu tlie 
individual leaves in each pair, apparently not in a leaf axil. The 
inttnrescences are frequently unipared scorpioid cymes without 
floral-leaves. 



■piG. 5oo,-~Atropa belladonna f A is reduced. 


Zygcmorphic flowers occur, and thus form a transition to the closely allied 
Scrophulariacefe ; the zygomorphy sometimes shows itself only in the relative 
length of the stamens, sometimes also in the corolla (Hyoscijamns). — Kicandm 
is 5-merous throughout all the whorls. — The peculiar relative Imf-anangement 
in this order occurs from sympodial branching and displacement. The most 
simple is, e,g. Datura (Fig. 556 A ) ; each shoot-generation in the floral parts of 
the plant has only 2 foliage-leaves (/^ and P ) , and then terminates in a flower ; 
the axillary buds of both the foliage-leaves are developed and form a dichasimn, 
but since the leaves are displaced on their axillary-shoots as far, or almost as 
far, as the first leaf of these axillary-shoots, the flowers are borne singly on the 
dichasial branches, and all the branches appear to be without subtending leaves 
(Shoot I is white, 11 shaded, III white, etc., diagram A). ScopoUa and others 
(Fig. 556 B) difler in that the lowest and smallest (/^) of the two leaves on 
each shoot is barren, and is therefore not displaced; but the upper one (the 
second bracteole, P) is displaced as in the first instance, and consequently it 
assumes a position near the first leaf (the shaded leaf/® of shoot I being placed 
near the white leaf p of shoot II, etc.,) of the next youngest shoot-generation, 



Fig. 558. — Fruit of Datura stramonium. 


Fig. 657.— 'Fruit of Hyoscyamus wger after 
removal of calyx. 

falsely 4<4omlar (at tbe top, bilocular) and opens septifragallj with 
4 valves. The lower part of the calyx persists as a thick collar 




and hence the leaves are borne in pairs; the flower placed between the two 
leaves of a pair is therefore the terminal flower of the shoot to which tbe 
smaller of the two leaves belongs, and the larger leaf is the subtending leaf for 
the floral shoot itself. 


Fig. 556.— Diagrammalic representation of the branching in Solanacere. The various 
shoot-generations are white or sliaded. 

A. Fruit a capsule. Nicoiiana (Tobacco) has a 2-valved 
capsule with septifragal dehiscence; the valves separate at the 
apex ; the corolla is funnel-shaped, tubular, salver-shaped or 
campanulate. The flowers in panicles . — Batura (B. stramonium, 
Thorn-apple) has a (frequently spiny) capsule (Fig. 558), which is 
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(see Fig. 558). The corolla is funnel-shaped. The flowers are 
solitary, large.-— (H. niger, Henbane) has a pyxidium 
(Fig. 557) enclosed in the carapanulate, completely persistent, 
thick-walled calyx. The flowers are slightly zygoniorphic, and 
Borne in unipared scorpioid cymes. Sco^olia (pyxidium) ; Fahiam 
(Heather-like shrub); Pd t/mui (slightly zygomorpliic flower; funnel-shaped 
(jorolla) ; Nierember.oia ; BrnnfeUia (almost a drupe); Franciscea ; Browallia,— 
Among those with capsular fruits are found the most anomalous 
forms, which by tbeir zygomorpbic flowers and often didyiiamous 
stamens present the transition to the Scrophulariace£e ; Salpig- 
lossis; SchizantMis (lobed petals; 2 perfect, and 3 rudimentary 
stamens) . 

B. Feutt a perry. Solmium (Nightshade) ; rotate corolla 
(Fig. 559). The stamens have short filaments, the anthers 
stand erect, close together round the style, like a cone in the 


FiG-s, 559-561.— Solanum tuberosum. 

Fig. 569.— Flower (1-). Fig. 560.— Stamen, ejecting pollen. 

' Fig. 561 .— Longitudinal section of seed. 

centre of the flower, and open by pores at the apex (Fig*. 560). 
S, tuberosum (the Potato-plant) ; the Potato-tuber is a swollen, underground 
stem; the “eyes” are buds, situated in the axils of its scale-like, quickly- 
perishing leaves . — LycopeTsicwTi resembles Solcmuni in the flower, but 
the united anthers open by longitudinal clefts and have an apical 
appendage. The cultivated species, L. esculentum (Tomato), has 
often a higher number than 5 in the flower, and in the fruit several 
loculi of unequal size . — Fhysalis (Winter Cherry) ; the calyx ulti- 
mately swells out in the form of a bladder, becomes coloured, and 
loosely envelopes the spherical hevi' j.,'— Capsicum (Guinea Pepper- 
plant) ; some species have very large, irregular, rather dry (red, 
yellow, black) berries, which are unilocular in the upper part. • 
Ltjclum (false Tea-plant) ; the corolla is salver- or funnel-shaped ; 
shrubs ; often thorny. — Atropco (A. . iellddonna^ Deadly Nightshade, 
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Fi^. 555) ; corolla campannlate ; the caljx projects beneath the 
spherical, black berrj. The flowers are borne singly.— 
gorai (Mandrake); Nicandra(ovB.vy often 5-- locular). — A small tropical 
group: Ckstiie/’e {Cestrnmt lIahrothamnn>(, etc.) has an almost straight embryo, 
which may also be found in species of Nicotiana. Helated to the Sero- 
phnlariaceje. 

About 1,500 species ; the majority within the Tropics, outside these limits 
espeeiallj’ in America. Solarium nigrum is a common weed. — The Potato-plant 
(Solarium tuberosum), from Peru and Chili, was introduced into Europe in 1584 
by Sir Walter Raleigh. (Potatoes = Batatos). The fruits of several serve as con- 
diments : Chilies or Pod-pepper (Capsicum annunrn {und longum), and the Cayenne- 
pepper ((7. haccatum and others), whose fruits also are officinal, were brought to 
Europe from S, America by Columbus, and are commonly cultivated in Tropical 
America; Lijcopersicim esculenium (T!om£ito) and others from Peru; Solanum 
ovigenm (Egg-jdant) ; Solanum melongena, etc. Poisonous, acrid, narcotic pro- 
perties (alkaloids, etc., eolanine, nicotine, atropine, iiyoscyamine) are found in 
many : Atropa belladonna (from S. Europe ; the roots and leaves are officinal) ; 
Solanum dulcamara (Bitter-sweet ; formerly officinal), S. toxicarium (Guiana) ; 
Datura stramonium from Asia (leaves and seeds officinal), Z>. sanguinea, mete], 
tatula, and others ; Hyoscyanius (officinal: the leaves and seeds of II . niger ) ; 
Nicotiana tabu cum (Virginian tobacco, officinal : the leaves), N, rustica and 
others from Trop. America (Tobacco was introduced into Europe in 1560); 
Cestrum-'BpecieB. Duhoisia myoporoides (Australia); the leaves contain 
mine and are used in medicine. A number of species of these genera are orna- 
mental plants. 

Order 2. Nolanaceas. These most resemble the Convolviilaceae in tlie 
corolla, hut the Soianacese in their branching, and leaf-arrangement (in pairs, 
etc.). The diagram is the same as in Nicandra with 5 carpels, but the fruits 
of this order most frequently form, by invaginations in various directions, an 
ovary (with 1 style) consisting of numerous and irregularly grouped, 1-ovuled 
cells ; the fruit is a schi^ocarp with many 1-seeded fruitlets. — Nolana (Western 
S. America) : a few are ornamental plants. 

Orders. Scrophulariaceae. The flower is hjpogynoiis, 
zygomorphic, with the usual type : S5, P5, A5, and G2, the latter 
placed in the median plane ; sqme genera have all 5 stamens de- 
veloped (Fig. 562 A\ but most frequently tbe posterior one is sup- 
pressed and the flower becomes didynamous (Fig. 562 B). The fruit, 
as in the capsular-fruited Solanaceae, is a bilocular, 2-'ralved capsule, 
with a thick, docile placenta, and most often septicidal dehiscence 
(Fig. 563 0). The numerous seeds are nob reniform as in many 
SolanaceCB, and have a straight, or only slightly curved embryo, with 
abundant endosperm (Fig- 563 JD ), — The majority are herbs; some 
are arborescent ; the leaves are opposite or scattered, but stipules 
are wanting as in the whole family. 

The Scrophulariaeeae are closely allied to the Solanace®, and there is, properly 





spealdng, no characteristie feature which absolutely separates them. The 
somewhat irregular corolla, with five stamens of unequal length in Terhnsciim, is 
also found in Ilyoscyamus ; cuwed and straight embryos are found in both 
orders. The ^eftivation of the corolla in the Scrophulariace® h.simyle imbricaie, 
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Fig. 582, — Diagi'ams. A Verhasomrii B Linaria; C Teronica. 

in the Solanace® most frequently folded imbricate {in Atropa and those allied 
to it, imbricate without folding). The genera (about 164) are distinguished 
according to the form of the corolla, number of stamens, inflorescence, arrange- 
ment of the leaves, etc. Verbascum belongs to the most primitive S-stamened 
f rms, and from it proceed a long series down to Veronica, with only two stamens 
and most frequently the posterior sepal suppressed. 

I. Antirrhixe^, Snapdragon Group. This has most frequent! j 
a descending sestivation of 
the petals (the posterior 
petals are outside the lateiiil 
ones, which again enclose 
the anterior; Fig. 562 A, 

B), The plants belonging to 
this group are not parasites. 

a. 5-stamened. — Ver- 
hascum (Mullein, Fig. 563.4) 
has a slightly irregular, 
rotate corolla; five stamens 
(frequently covered with 
woolly hairs), of which the 
twm anterior ones are the 
longer and differ often also 
in other respects. The inflor- 
escences are racemose, often with 
several series of accessory di- 
chasia in the axil of each primary 
floral-leaf. The leaves are scat- 
tered and, together with the 
stems, are often covered %vith a 

gray felt of branched hairs. Pig. mS.-^yerhascnmihafsi/m-me, 



Fig. 566. — Digitalis 
puiyurea* 


Fig. odl.—Antirrhimim majits. A flower, ami 
tlio upiDer lip of a flower with the stamens. 

amens are present as a scale below tbe upper lip of tlie 
n’olla (Fig 565 s). S. nodosa has a tuberous rhizome. — Pentstemon\ the 
fsterior stamen is barren and very long. — Antirrliinuon (Snapdragon), 
he corolla (Fig. 564) is personate, i,e. bilabiate, but with the 


Fig. o&o.—ScropMilaria' nodosa, Protogynous flower in various stages: A $ stage; g 
the stigma projecting from the throat of the corolla j B the same in longitudinal section ; 
G s stage, the stigma is bent down and its former position occupied by the stamens ; s 
staminode ; g stigma ; d nectary. 

under lip arched to such an extent that it meets the upper lip, 
closes the corolla throat, and entirely conceals the stamens and 
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style ; tlie corolla- tube is produced iuto a short pouch at the base on 
the anterior side. The capsule is oblique and opens hj 2-3 pores, 
formed by small, dentate valves. In Linaria (Toad-flax) the 
pouch is produced into a spur. Sometimes there are traces of 
the posterior stamens. The capsule opens by large pores (one 
for each loculus), produced by large, many-partite valves. L. 
vulgaris reproduces by suckers.— (Foxglove, Fig. 566) 
has long racemes Avith drooping fioAvers ; the posterior sepal is 
small (a step towards complete suppression, as in Veronica) ; the 
corolla is obliquely campanulate, and generally nearly 4-lobed, the 
two posterior petals coalescing.— Nemesia ; Cliehne ; 
Ilerpestis ; Mimulus ; Torenia ; Vandellia; Limosella {L. aqnatica^ 
Mud-wort, native); Scoparia ; Gapraria; Erinus (found on the 
Roman Camp at Chesters, Northumberland, and supposed to have 
been introduced from Spain by the Roman soldiers) ; Celsia (ne^ir 
Verhascum); Mauraudia ; LopJwspermum ; Ehodochiton; Collinsia; 
Nycterima, etc. 

c. 2-stamened. — Gratiola (Water-hyssop). 5-partite calyx. 
The upper lip of the corolla is undivided or slightly bifid; the 
two anterior stamens are either en- 
tirely absent or are reduced to stami- 
nodes (a transition to Veronica).—^ 

Veronica (Speedwell), most frequently 
4-parti te calyx ; 4-lobed, rotate, zygo- 
morphic corolla with 2 perfect stamens 
and no trace of the others (Figs. 567, 

562 c) ; capsule with loculicidal de- 
hiscence. Calceolaria ; the corolla has 
two slipper-like lips. 

2 , R H I N A N T H E , Y ELLOW - RATTLE 

Group. Herbs, all of which (\vith the 
exception of Lathrcea) are annual parasites Avith green foliage- 
leaves. They attach the nisei V'es by haustoria to the roots of other 
plants and draw nourishment from them. The majority turn 
black Avhen dried. Racemose inflorescences. In many the caly^x 
is 4-partite, the posterior sepal being absent, or very small. Tiie 
corolla is distinctly bilabiate (Fig. 568), with most frequently as- 
cending msiivation ; in the majority it does not become detached at 
the base, but by means of a ring-like cut some distance up the tube ; 
4 didynamous stamens; pollen -grains dry, easily falling ont ; the 
anthers are often furnished at the base with bristles or hairs (Fig. 
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568) wliicli play a part in the poliination, the prohosces of the 
insects, being forcibly pushed against them, agitate the anthers and 
shake out the pollen -grains. Capsule with loculicidal dehiscence. 

Biiplirasia (Eye-bright), Melampyrum (Cow- wheat), BhinmifJms 

(Yellow-rattle), Odontites (Bartsia), PedtcitZam (Louse- w'ort), and 
Lathnea (Tooth-wort) all have native species. The last named 
is pale yellow, or reddish (without chlorophyll) ; it is a parasite on the 
roots of the Hazel, Beech and other shrubs, having an serial stem, and an 
underground, perennial rhizome, covered with opposite, seale-like, more or less 
fleshy leaves \Yith a number of internal glandular, labyrinthine cavities. The 
inflorescence is a unilateral raceme. Ifc approaches Gesneriacecs in having a 
luiilocidar ovary with two parietal placeutte. 


Fig. 6m.— ’Euphrasia ojicinalts. Flower of the large and the small-aowered forms ; 
showiiig the anthers and stigmas. 

Tiie rneohanical contrivances for pollination are so numerous that no 
genei^al principle can be laid down. Personate fl.owers, like those of Antir- 
rhhium are only accessible to strong insects, such as bumble-bees, which can 
force themselves between the two lips, and so become dusted with pollen on 
the back. In Enphrasia and other Ehinanthea the insects become covered with 
smooth, powdery pollen when they shake the anther-apparatus in touching the 
hairs and bristles mentioned above. Smipkularia nodom is protogynous (Fig. 
565). Eigitalu purpurea, however, is protandrous. Mimulus lutem and some 
others have sensitive stigmatic lobes, which shut up on being touched. The 
Ferowim- species constitute a series, from large- flowered down to small-flowered 
forms, and parallel with them are found various gradations from insect- to self- 
pollination, In some (m Euphrada ojiciualia, Bhinauthus crista- galli) there 
are two kinds, of flowers: large, which are pollinated by insects, and small, 
which are self-pollinated (Fig. 568). Lathrcea sqiiaoiaria (Tooth-vrort) is a pro- 
togynous spring-flowering .plant, largely visited by humble-bees. Others have 
cieistogamic flowers. , Bycteriuia cape7m8 opens its flowers at night. 
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2,000 species; chiefly from the Temp. Officinal: Digitalis pur 
leaves; Europe), a poisonous plant. Verhascim thapsus and th 
Veronica officinalis {“ Herba V.”), Gratiola officinalis (“Herba ”) have 
uses. The whole of the ScrophulariaceiB are more or less suspicio 
actually poisonous, and none serve as food. Many are ornamenta] 
MiMidus lutens (N. America), Pauloicnia impenalis (the only species ; 
a tree), Antirrhinum viilgare (S. Eur.), Liiiaria, Peritstenion, Veronica, G 
(Peru, Chili, etc.). 


. Pio. 569.— Leaf of Utricularia vulgaris, with, bladder. Median longitudmal seotion 
through a bladder containing a Cyclops, At a a hair of the upper-lip, at i 2 bristles of the 
under-lip of the entrance (a, h ) ; in the latter are placed 4 bristles h j fc stalk of the bladder, 
in which is seen a vascular bundle. (After Cohn.) 

Order 4. Utriculariaceee. To this order belong only per- 
ennial, insectivorous^ aquatic, and marsh-plants (2Q0 species) with a 
more or less characteristic appearance. They diJfer from the 
ScropliulariaceiB, especially in having 2 stamens (the anterior) 
and a unilocular ovary, with free, central placenta (like that of the 
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PrimnlaceiB). For tlie rest, tlie flower is distinctly bilabiate, both 

!Zfm Bmall insects wMcb may be cangbt npon them ; flowex. 
soWarv Lwal on a long scape; calyx, 5-partxte ; corolla wxtlx 
The embryo germinates with 1 ootyledon.-Utnculana 
fSladdolwort). bar native species are floating, wM roots, 
Sfhair-like, divided leaves, studded with pecnbar bladders (m 
the Tropics there are terrestrial species, with ordinal y loliage). 
The bladders (Pig. 569) have an aperture, closed by a valve open- 
• .nvds SO that small aquatic animals are allowed to entei, out 
Lre ITot able to escape; they are thus entrapped in the bladders, 
Ind are probably used as food. Calyx bipartite ; corolla personate 

with vspur. 

vulflans, “ aivided,^^ ^ primary 

ke TrowS-poiut of the stem is rolled spirally.-The stigmatic lobes 
Te sen^^ being touched; self-pollination often takes place, 

The flower in this order may be both e,mnous 

“le'n like Sf sirskTcr 

^^lenkvnousf have endosperm ; S. Am.-CvBX.mmn*, hypogynous, vi b- 
(oflen epigynous, iJea -Streptocaws, neither the primary root noi 

roots and adventitious inflorescences. ^ rolumue/i, 

rino sneoies Gloxinia, Achimenes, Gesneria, Alloplectus, lydcr ■, 

“ r kf' rfd oAt 

America. Some are epiphytes on trees, others prefer the 
forest and crevices o£ clifis. Several genera have pecnhar catkrn-l 
around shoots, with soale-like compact leaves ; others have tubers. ^ 

Orohanche (Broom-rape) is allied to thrs order as a parasitio 

on tL roots of other plants, not like Lathrcoa by means of thm 
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branches with haiistoria, but growing with the base of its stem in close contact 
with its host, and probably even often protruding a kind of thallus into it, in a 
manner similar to the Loranthaceas. Its aerial shoots are not entirely destitute 
of chlorophyll, but are not green ; they only bear scale-leaves and terminate in 
a raceme or spike-like inflorescence. — Some Orobanches^eaie^ are detrimental 
to various cultivated plants (Hemp, Lucerne, Tobacco, etc.). The flovrers are 
strongly zygomorphic ; the posterior sepal is often wanting, and the anterior are 
united to the two lateral ones. Ovary unilocular, as in Gesneraceffi, with 2 or 
4 parietal placentae. — The exceedingly small seeds have a very rudimentary 
embryo, formed of an ellipsoidal, cellular mass, without indication of cotyledons 
or other organs. — About 100 species ; especially in the Mediterranean region. 

Order 6. Bignoniace^. 500 species; nearly all trees and shrubs, and to a 
great extent lianes, climbing by tendrils (modified leaves), which are sometimes 
terminated by a special clasping apparatus. These lianes have, as a rule, an 
anomalous stem structure, the wood being either divided into four wedges at right 
angles to each other, separated by four grooves filled with secondary woo l- 
parenchyma, or a greater number of wedges occur, by the cambium ceasing to 
form wood in several places. The leaves are most frequently opposite and com- 
pound; the flowers in the main are similar to the didynamous Scrophulariaeese, 
and especially resemble those of Digitalis purpurea ; they are bilabiate, large, 
and beautiful, campanulate or trumpet-shaped, many of the prettiest ornamental 
plants in the Tropics belonging to this order. The fruit is most frequently a 
large, woody, 2-valved, siliqiia-like, septifragal capsule, whose valves separate 
from the flat and broad partition-wall, which bears the large, generally winged 
seeds: Tecoma ; Bignoniiu — In gardens: Catalpa .s7/9ta/7re/o/'ia. (Trumpet- wood) ; 
Tecoma radicans (from S. Am.). — “ Palisander ’’-wood is from Jacaraml i (S. 
km.).—Eccremocarpxis (N. Am.) forms, by its unilocular capsule, a transition 
to the Gesneriacese [E. scaber; herbaceous). 

Crescentia is allied to this order ; G. cujete (Calabash) is its best known 
species. The fruit (unilocular with 2 parietal plaeentie) is a very large, 
spherical or ellipsoidal berry, with a firm, finally woody outer layer. After 
the removal of the juicy interior, these are commonly used as drinking vessels 
in Tropical America. 

Order 7. Pedaliacese. Sesamum (orieritale and indmini) ; very important 
oil-plants, which from olden times have beeu cultivated in tropical Asia and 
Africa for food and as medicinal plants, and are now cultivated in America 
also. The seeds are used as a raw material in the manufacture of soap in 
Europe. — To this order also belong Martynm and Craniolaria, which have a 
long horned capsule and sensitive stigmas. — 46 species. 

Order 8. Acanthacese. 1,500 species; mostly erect, slender, branched 
herbs or shrubs, rarely arborescent, especially in S. Am. and Ind. The 
branches frequently have swollen nodes ; the leaves are apposite, penninerved, 
undivided, more or less lanceolate or elliptical, and generally leave a distinct 
scar when they fall off. Stipules are wanting. The flowers are solitary or in 
dichasia. which are arranged in 4-rowed snikes or racemes, each flower with 
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(of whose anthers one half is inserted lower than the other, or suppressed) and the 
gynceceuni, the Acanthaceae are true Peisonatae, approaching most nearly to the 
Bcrophulariacefe ; they differ from the other orders especially in the fruit, 
which is a bilocular, 2-valved, often elastically dehiscing capsule, which never 
has more than 2 rows, and in some only 2 seeds in each loculus, the seeds 
being often compressed and borne on stromj, curved or hook-like funicles {reti- 
nacula) which persist after dehiscence. Embryo curved without endosperm; 
radicle pointed downwards. — Cleistogamie flowers are found in several species. 
Cystoliths are common. 

The following grow wild in Europe: Acanthus (spinosits and whose 

pinnatifid leaves served as models for the capitals of the Corinthian columns). 
The posterior sepal is the largest of all the leaves of the flower, and covers the 
other parts like a helmet ; the 2 anterior sepals are united, and the two lateral 
ones are small and greenish ; the corolla has no upper dip, but only a 3-lobed 
underdip. The anthers are bilocular; the filaments ultimately become very 
firm, — Justicia, Eranthemuni, Goldfussia, Thuiiberyia (a twiner), Buellia, Die- 
lipter a, etc , — Ornamental plants in conservatories. 

Order 9. Plantaginaceae (Plantains). The flowers (Figs. 
570, 571) are regular, hypogynous, with a 4- partite, persistent 
calyx, a gamopetalous, scarious corolla with 4 projecting lobes, 
4 stamens, incurved in the bud, later on projecting' considerably, 
about equal in length, and a bilocular ovary with one long, fila- 
mentous, tmelmdedj feathery^ papillose style (see Fig. 571). The 
ovary is most fi'equeritly bilocular with l~few ovules in each 
loculus. An hypogynous disc is wanting. The fruit is a pjxidiurn 
with 1-few peltate seeds attached in each loculus (Littorella is in 
several respects an exception). All species are herbs, the majority 
wdtb leaf-rosettes near the ground, and the flowers in spikes or 
capituia. 

The labiate-like flowers are in this case entirely concealed under a regular, 
apparently 4-merous exterior. The structure of the flower, however, is the same 
as in the Scrophulariacea, only the reduction, which is found in Veronica (com- 
pare Figs. 562 C, 567 with 570, 571), is also present in this instance and the 
lobes are also more equally developed ; the posteiior petal corresponds to the bi- 
lobed upper-lip ; the posterior stamen and the posterior sepal also are entirely 
wanting. In the development of the flower there is no trace of posterior sepal 
or stamen, and the posterior petal arises from one primordium, but the two 
anterior sepals arise before the lateral ones.. The position of sepals and petals 
does not agree with that of a true 4-merous flower, which is represented in Fig. 
361 E. The bracteoles are always suppressed in Plantago. 

Plantago (Plantain, Rib-grass). The foliage-leaves are most 
frequently scattei’ed, entire, with curved veins, arranged in a 
rosette close to the ground on an unlimited rhizome ; the spike- 
like inflorescence is borne on a long scapo ; in some (P. psyllium) 
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the leaves are opposite on a stem with, well-developed internodes, 
and the inflorescences are borne in their axils. The order also 
presents a transition from insect-pollinated to wind-pollinated 
flowers. The flowers are protogynons, wind-pollinated in P. major and P. 
laiiceolata, partly also in the other species, but insect -pollination also occurs, 
and P. media has three kinds of flowers, some of which are adapted for wind- 
pollination (Fig. 571), others, with short filaments, for insects. Littorella 
lacihstris (Shore-weed) is the most reduced of the Plantaginaceos : an 
aquatic plant with rosettes of round, awl-lihe leaves and diclinous 
(monoecious) flowers. In the axils of the foliage-leaves is a very short 
3-flowered spike, formed by 2 sessile ? -flowers, and above them a long- stalked 
d -flower ; all the flowers are lateral, the terminal one being absent, as in 
Plaatago, The -flower is essentially the same as in Plantago, but the $ -flower 
has a scarious corolla, with a narrow, S-I-dentate mouth, which closes tightly 


'FiQS. 670, 571 —Plmiago media. 

Fig. 670.— Diagram of Pkntago 'media. 

Fig. 571 .— Two different forms of tlie flower (magnified) : I, chiefly adapted for pollina- 
tion by wind j 2, for insect-pollination, a The stigma j I the calyx? h the corolla. 

The genus Plantago constitutes nearly the entire order (200 species). Some 
are widely distributed weeds {e.g. P. major, “ The white man’s footstep ). In 
P. nsuUiim (S. Eur.) the integument of the seeds is mucilaginous, and swells 
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The aestivation of the corolla is nearly always descending.~In 
Boragmacece and Cordiacece there are 5 stamens of equal length ; 
in the other orders 4 didynamous ones, or only 2 fertile ; the 
posterior stamen is sometimes developed as a staminode, sometimes 
fertile (in Stilhacece). The ovary is formed of 2 median carpels 
(except some Verhe7iacece), with (1-) 2 ovules on each carpel ; in the 
majority of the orders it is, however, divided by a false partition- 
wall between the dorsal and ventral sutures, into 4 loeiih\ each of 
which is often raised independently, causing the style to he 
situated in the depression between the four lobes (“ gynobasic ” 
style, Figs. 572, 573, 575, 579). The fruit in these orders most 
frequently becomes a 4i~partite schizocarp with nui-lihe fruitlets. 
The other orders have a 1 (-2) -locular ovary. — The leaves are 
simple, without stipules^ 

The family is related to (and proceeds from) the TvUfone, especially ConvoU 
viil'icece, which has an almost similar construction of the ovary. It is doubtful 
whether the Cordiacece and Boraginacece should be classed with the others. 

The orders are: 1, Cordiaceae ; 2, Boraginaceae; 3, Verbenaceas ; 4, Labiate ; 
5, Selaginaceas ; 6, GlobulariacesB ; 7, Stilbacece. 

Order 1. Cordiaceae unites ConvolvulaceaB and Boraginaceje. Tree-like 
plants with 5- (4-10) merous flowers, doubly bifid style, and drupe with 4 or 
less loculi. No endosperm ; cotyledons folded. — 185 species ; tropical. 

Order 2. Boraginaceae. The vegetative parts are very 
characteristic : herhs with cylBidrical stems and scattered, undivided, 
nearly always sessile, entire leaves, without stipules, and generally, 
together with the other green portions of the plant, covered wdtli 
stiff hairs, consequently rough and often even stinging (hence the 
other name for the order AspeTifoli(B) , The inflorescences are 
unipared scorpioid w’itli the branches coiled spirally (“heli- 

coid,” Fig. 573) before the flowers open. The flower is perfect, 
regular (obliquely zygomorphic in JEchium and A7cchusa arvensis), 
hypogynous, gamopetalous : So, F5 (often with iigular out- 
growths), A5, (3f2, but each of the two loculi of the ovary becomes 
divided by a false partition- wall into two, each of which contains 
one pendulous anatropous ovule with the micropyle turned up- 
wards ; the four loculi arch upwards, so that the ovary becomes 
4-lobed, and the style is then, as in the Boragem, placed at the 
base (“gynobasic”) between the four projections (Figs. 572, 573). 
The fruit is a 4i-paTtite schizocavp with four nut-like fruitlets (Fig. 
572 ). — Bfidosperm is wanting (except in Heliotrcpimn ) the radicle 
is turned upwards. 
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The iNFLOBESCENCES BEG ofteii double unipared scorpioid cTmes ; the hud of the 
second bracteole is developed, that of the first suppressed ; in some cases both the 
bracteoles are suppressed (Myosotis^ 07riphalodeSy ete.)^ but in other instances all 
the first bracteoles (a) only are suppressed, and the others are then situated in two 
rows towards the under side of the coiled axisj while the fiovvers are situated on 
the upper side. Displacement of the branches or of the fioral-leaves sometimes 
takes place. The flowers are often red at first, and later on become blue or 
violet; they hardly ever have any smell. The fruit entirely resembles that of 
the Labiatas, but the radicle of the latter is turned downwards. The frnitiets 
present small differences which have systematic importance ; they are hollow 
or flat at the base, attached to a flat or columnar receptacle, etc. 

1. HELTOTfiOPiE.E. This group deviates from the characteristics 
mentioned above in the undivided ovary and terminal (“apical ”) 
style. In this, as well as in the fact that in some genera (Tourne- 
fortia^ Ehretia, etc.) the fruit is a drupe, it connects this order 
with the Cordiacese. Ileliotropium, Tiaridium, and others have 
schizocarps. 

2. BoRAGEiE, Borage Group. Style gynobasic ; fruit a schizocarp. 

A. The throat of the corolla is without ligules, or with very 
small ones. — Ptdmonaria (Lung- wort); funnel-shaped corolla; a 
whorl of hairs in the corolla -throat. — Echium (Viper’s- bugloss) 
has zygomorphic flowers, the plane of symmetry almost coinciding 
with that of tlie very well-developed inflorescence (through the 
fourth sepal) ; the corolla is obliquely funnel-shaped, the style 
is more deeply cleft at the apex than in the others; stamens 
2 longer, 2 shorter, and 1 still shorter. — Gerinthe has a tubular 
corolla with five small teeth and two bilocular frnitiets. The 
bracts are large and leafy, and, like all the rest of the plant, 
are almost glabrous. — A few Lithospermum-s'pecies have a naked 
corolla-throat ; others have small hairy ligules, which do not close 
the corolla-throat. The frnitiets are as hard as stone, owing to 
the presence of carbonate of lime and silica. — Mertensia (Stoen- 
hammera) ; Arnebia; Nonnea (small ligules). 

B. The corolla- throat is closed by, or in any case provided 
with ligules.^ ^^e. scale-like bodies or small protuberances, situated 
in the throat of the corolla opposite the petals, and which are 
invaginations or internal spurs of the petals (Fig. 572 D). The 
nuts in Cynoglossum (Honnd’s-tongue) bear hooked bristles over the 
entire surface, or, in Echinospermum^ only on the edge. The 
following have smooth nuts : — Symphytum (Comfrey) has a cylin- 
drical, campanulate corolla, and prolonged- triangular, pointed 
ligules. — Borago (Borage) has a rotate corolla with projecting, 
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emarcrinate lignles; the stamens have a horn-like appendage, pro- 
iecting upwards from the back of the filament. The frnitlets are 
hollow below. — AncMisa (Alkanet, Fig. 572). The corolla is 
salver-shaped; the ligules small, hairy protuberances. A. (Ly- 
copsis) arvensis has an S-curved cor olU-tnbe.— My osoiis (Forget- 
me-not, Fig. 573) ; rotate corolla with small (yellow) protuber- 
ances in the throat ; scorpioid cyme without floral-leaves ; frnitlets 



Fig. &72.~-Ancliusa officinalis ; A diagram; the bracteole a is suppressed (dotted), ^ 
supports a dower, B, C Myosotis, the fruit, entire and with the calyx in longitudinal 
section. D, F Alkaw^a tinctovia'. D the corolla opened C^) ; e the lignle /, (j the anthers; 
E gynceceum (f); F fruit, with three frnitlets; i an aborted loculus ; h disc. 

Ha^t.-^-Omphalodes ; frnitlets hollow at the bach, with a scarions, 
tnriied-in, toothed edge. (Mad- wort); the calyx grows 
after flowering, becoming large, compressed, and deeply bifld. 

Cboss-pollination is most commonly eflected by insects {especially bees). 
There are a great many eontriyances for pollination ; some flowers are protan- 
drom {Echiumvulffare, Borago cjfficin.), others are heterostylous (long- and short- 
styled : Pul'nvonaHa officin^ ; the corona (ligules) is a protection against rain, 
and excludes certain insects# Some are barren when self -pollinated (JPubnonaria 
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offidnalis, Echkim mil gave) ; others which have but little honey, may, failing 
insect-pollination, feitilise themselves, and in this regularly 

occurs by the growth of the corolla during flower- 
ing, so that the anthers are brought into contact 
with the stigma. Honey is secreted on the 
hypogynous disc.— About 1,150 species, growing 
especially in the northern temperate zone. 
cilage is found (c.//. in the officinal root of Cyno- 
glossam officinale^ in the root oi Sgmphytum); red 
dya^i are found in some roots (e.g, Alkanet-root, the 
root of Allcamia tinctoria, which is also medicinal ; 

S. B. Europe, Asia Minor) ; some are poisonous: 

Cynoglossum^ EbJdiim^ A nchiisa^ etc. Several species 
are ornamental plants. Heliotropium (Peru) is 
cultivated chiefly on account of its pleasant scent ; 
essential oils are otherwise very rare. 

Order 3. Verbenacese. The majority are 
shrubs ; a few are herbs or trees (Teak-tree) ; some 
are lianes. The branches are often square. The 
leaves are oppositeor vertieillate, without stipules; 
in some compound. The infloreseences are ra- 
cemes, spikes, capitula, or dichasia. Pive sepals; five petals in a gamo- 
petalous, zygomorphie corolla, which is often bilabiate, but rarely to such an 
extent as in the Labiatfs, and the upper lip in some is larger than the under, 
in others smaller; stamens four didynamous, or two; the ovary is entire (not 
grooved or divided), 1- or 2-loeular, or, as in the Labiatis, divided into four 
loculi with an erect ovule in each, but in some the anterior carpel is suppressed. 
One terminal style. The fruit is, ey. in Verbena, a 4 partite sehizoearp with 
nutdike fruitlets ; in Vitex (digitate leaves) a drupe with a ddocular stone ; in 
Clerodendrofi a similar fruit, with four free stones ; in Lantana a bilocular stone, 
or two unilocular stones- The radicle is turned downwards. Endosperm small 
or absent. — Lippia, Staohytarpheta, Bouchea, Priva, Citharexi/lon, Callkarpa, 
etc. — The Verbenaeem are closely allied to the Labiatse ; they differ especially 
in the ovary not being 4-lobed with gynobasic style, but undivided, almost 
spherical or ovoid with a terminal style. Again, the leaves are not so con- 
stantly opposite, and the inflorescences are various. 

730 species; especially in the Tropics; there are several in America, especially 
Lantana-speQies ; shrubby weeds. — Many of those mentioned are oiiNAiiENTAL 
FiiANTS, especially Verbena; Vitex agiiiis castus is a S. European shrub. Lippia 
citriodora (S. Am.) etc., have strongly- scented leaves; the Teak tree {Tectona 
grandis) is one of the largest trees in East India, and has a very hard wood. 

Avicennia is allied to this order; it inhabits the Mangrove swamps on tropical 
coasts. The endosperm emerges from the ovule, carrying the embryo with it ; 
the embryo ultimately bursts the endosperm and lies free in the loculus of the 
fruit ; this is then filled by the embryo with its large, green cotyledons, which 
are borne on an ah’eady hairy or rooted stem. The seedling thus developed 
falls from the tree, together with the fruit, and strikes root in the mud. One 
special cell of the endosperm at an earlier period becomes a highly-developed 
organ of suction, growing into a much-branched sac, very rich in protoplasm. 



Fig. 573.— jSf-yosotis. Inti ^r- 
escence and gynceceum. 
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Order 4. Labiatae. The special characteristics are : the sqnaTe 
stem, the opposite leaves (without stipules), the infioreseeiices which 
are formed hy two double tinipared soorpioid cymes y ih.Q labiate 
corolla, the 4 didynamous stamens (the posterior being entirely- 
suppressed) (Fig. 574), and the 4i-partite scliizocarp -with nut-lihe 
fruidets. The floral fox^mula is S5, P5, A5 (the posterior stamen 
is generally absent), G2. 

They are chiefly aromatic plants (herbs, shrubs, e.g. Lavender, 
or trees), volatile oil being formed in internal cells or in the 
glandular hairs, which cover all green parts. The stem is 
always more or less markedly' square; the leaves are borne 
upon the flat sides, and are simple and penninerved, but vary in 
the other characters. The inflorescences are double unipared 
scorpioid cymes, which may be situated at some distance from 
one another in the axils of the foliage-leaves (Fig* 575 A), but 
frequently when the subtending leaves 
are bract-like, they are crowded into 
spike-like inflorescences {Lavandula^ 
Mentha, Salvia, etc.), each of the so- 
called ^ “ whorls (verticillaster, glome- 
rulus) being a double unipai‘ed scorpioid 
cyme (Fig. 574). (Solitary flowers are 
found in e.g, Sctitellaria, md Origanum). 
The calyx is strongly gamosepalous, 5- 
toothed, often bilabiate (Fig. 575 B). 
The corolla is strongly bilabiate (Figs, 575, 576, etc.), with 2 
lobes in the upper lip and 3 lobes in the under lip (an approach 
to regularity^ occurs only when the upper lip is small, and thus 
resembles one lobe, as in Mentha (Fig. 578) and Lycoptis, so that 
the corolla approaches the 4-merous corolla of Vero7iica and Blan- 
tugo). The posterior stamen in the diagram (Fig. 574*) is entirely^ 
suppressed ; in most of the genera the posterior lateral stamens 
are the smaller (Fig. 575 JD), and are entirely suppressed in some 
(see below) ; in others, e.g, Nepeta, they are the longer. 2 stamens 
are found in Salvia, Bosmarhzus, Ly copus, etc. The two halves of 
the anthers are often separated from one another, and are placed 
^t;an angle with each other. The gynoeceum has 1 styde with a 
b$d exti’emity (Fig. 575 0) bearing the stigma ; the true bilocular 
o'^liry is divided by a false partition-wall into 4 loculi, each with 
1. erect ovule (Fig. 575 JBT). These 4 loculi project so strongly 
that the ovary becomes deeply 4-lobed with the style situated in 
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the centre of the lobes and at tlieir base, gjnobasic” (Figs. 575, 
579). A ring-like, often crenate, nectary surrounds the base of 
tbe ovary (Fig. 575 G, If). The embryo in this order, as in the 
Verlenacece^ is directed demmvards (Fig. 575. 1) (it is directed up- 
wards in the Boraginacece, which have an entirely similar fruit). 
Endos^perm absent. 



Fig. G7o.-~-Thymus vulgaris. 


The 142 genera are mainly distinguished according to the form of the calyx 
and corolla, the number, direction, and length of the stamens, the forms of 
the nuts, etc. 

I. Ajugej:, Bugle Group. Calyx 10-nerved; the upper lip 
is small ; 4 stamens. The ovary is not so strongly lobed as in the 
following group, so that it is most nearly allied to the Verbenacece. 
The nuts are retioulately wrinkled. Ajuffa (Bugle) has a very 



Tii3,.577.'^M(irTuhi'U>M miXgare, 
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s?mall Tipper lip. The upper lip of Teucrium (Germauder) is deeply 
cleft, and the two lobes are bent on their respective sides towards 
the under lip, which in consequence appears to be 5-lobed, and 

the tipper lip to be wanting. ^ ^ 

2. SxACHYDEa, Betony Geodp. The calyx is 5- or 10-nerved. 
The upper lip of the corolla is most frequently strongly arched or 

helmet - shaped ; 4 

stamens, the anterior 
pair the longer (Fig. 
576). 

a. A somewhat 
regular and 5 -10- 
dentate calyx with 
projecting stamens. 
—Stachys (Betbny, 
Wonndwort) ; the 
lobes of the nnder 
lip are rounded off. 
The anterior fila- 
ments, after pollina- 
tion, lend outwards. 
Betoniea—Ballota (Horehound) ; the calyx is funnel-shaped, and 
has triangular, long, pointed, awn-like teeth. Galeopds (Hemp- 
nettle) has two conical protuberances on the under lip between 
the lateral and the central lobes. The anthers open by 2 unequal 
valves. Lamium (Dead-nettle, Fig. 576) has dentate, lateral lobes 

on the under. lip. alhim 


Fig. 676.— Lamntm album ; A lateral view of flower ; B 
longitudinal section ; C ovary with nectaries (a) ; D the 
a,pex of the style; e, upper Up of corolla; c, b, c the three 
petals of the lower lip; f anthers ; g stigma. 


(White Dead-nettle), L. rw- 
hrunZj etc. Oaleohdolon. Leo- 
nuriis ; Ph lorn is. 

b. Tabular, regular, often 
10-toothed calyx and con- 
cealed stamens. — Marruhium 
v^dgare (Fig. 577) ; 10 calyx- 
teeth, hooked at the apex ; 
many almost spherical whorls 
of flowers in the axils of the 
foliage-leaves, at some dis- 
tance from one another. 
Sideritis. 

c. Stroftglj bilabiate calyx, the lips closing together after 
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flowering . — Scutellaria (Skull>cap) ; the two lips of the calyx are 
entire, the upper lip has a large spur, and drops of on the ripen- 
ing of the fruit. The flowers are generally solitary and turned 
to one side . — Prunella (Heal-all) ; the calyx is compressed, its two 
lips are strongly dentate, the upper lips closing slightly round the 
under. The stamens have a tooth-like projection beneath the 
anthers. 

3 . NEPETEiE, Catmint Group. 13-15 nerves in the calyx; 
this deviates from the other groups in the posterior stamens being 
the longer. The upper lip is slightly arched. Nepeta (Catmint)? 
also Glechoma (Ground Ivy),, with regular, and Pracocephalum 
■with irregular calyx. 



4 . SATURETEif], Mint Group. The upper lip is flat, most fre- 
quently ovate, or almost spherical, and emarginate (Tig. 5/8). 
The calyx is most frequently 5 ~ 10 -nerved. 4 stamens, the anterior 
being the longer; rarely, 2 stamens only . — Mentha (Mint, Fig. 
578) has a regular, 5 -dentate calyx, a small, almost regular, 4- 
partite coi’olla, and 4 erect stamens of nearly equal size. The 
verticillasters are many-flowered, and are often collected into 
cylindrical inflorescences. Herbs. — ij?/copw 5 (Gipsy- wort); corolla 
almost regular, 2 stamens, the posterior lateral ones are wanting. 
PresUa : 4 -dentate calyx, 4 -partite, I’egular corolla; 4 stamens of 
equal size . — Thymus (Thyme, Fig. 575) has a strongly bilabiate 
calyx, the throat being closed by a whorl of hairs (Fig. 575 B). 
The corolla is distinctly labiate. Under- shrubs,. with small entire 
leaves; veid-icillasters few-flowered and separate. — Origanum (Mar- 
joram) ; spike or capitate inflorescences with- the flowers solitary 
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in the axils of tlie rather large and distinctly 4-rowed (often 
slightly coloured) floral-leaves. Melissa. Galamintlia. Clmopo- 
dium (Wild Basil). Satureia. Byssojpus (Hyssop) ; small, entire 
leaves; the verticillasters are sitnated unilaterally in a slendei’, 
spihe-like inflorescence. JjavaTidula (Lavender) , shiuhs with 
verticillasters collected in cylindrical, long-stalked inflorescences ; 
the calvx is tubular, has 13—15 nerves, the posterior tooth is much 
larger than tlie others. Stamens and style do not project. Coleus 
differs, among other characters, in having united filaments the stamens and 
style are bent down and concealed in the boat-shaped under lip. 


'Fig, ^79.— Salvia officinalis. 

5. Monakdeji, Salvia Group. Only the 2 anterior stamens are 
developed.— Salvia (Fig. 579); calyx deeply bilabiate; the upper 
lip of the corolla is generally strongly compressed. Eudiraents of 
the two lateral stamens are present. The connective in the two 
fertile stamens is long and filamentous, and bears at the upper 
end a normal half-anther, but at the lower one a barren, often 
broader portion, against which the insect is obliged to push its 
proboscis during its visits to the flowers, causing the pollen- 
bearing half -anther to be pressed down against its back, hloi al- 
leaves often coloured. — Bo.smarimis (Rosemary) ; a shrub with 
leathexy linear leaves, with rolled back edge. A small tooth on 
the filament represents the barren half of the anther. Monarda. 

The POLLINATION IS generally effected by insects, especially bees ; the under- 
lip is the landing-stage and the pollen is deposited on their backs. Cross- fertilisa- 
tion is promoted by dichogamy ; honey is secreted by an hypogynous disc and 
collected in the coroHa-tube. Some genera are homogamous (Lamium, Gale-- 
opsis, etc.) : others are diohogamous (protandrous) ; a few are gynodioecious : 
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and ^-floTvers in various relative sizes {Glechoma hederaeeum, Thymua, 
Salvia jmitemis, and others). The entrance of uninvited guests to the honey 
is often rendered diffjcnlt by whorls of hairs, etc. In numerous instances the 
upper lip protects the pollen from rain. Cleutogamj is found e.p. in Lamitim 

ampleivicaule. 

2,700 species; distributed over the entire globe, but the greater number in 
Mediterranean countries (especially in the Eastern regions), where many are 
shrub-like.— Poifconous and acrid properties are absent. On account of their 
volatile oils they are principally used as condiments, for perfumery and in 
medicine (the officinal parts are therefore nearly always “ folia” and “herba,'’ 
in Lavandula the dowers, and the volatile oils extracted from them). Such 
are : ^ Mentha piperita f (Peppermint)— menthol is obtained from this species 
and from ill. arvensis — M. viridis f (Spearmint), il/. (Curly-mint), Thymus 
vnlparis (Garden Thyme), Melissa officinalis (S. Eur.), Byssopus offixinaJu 
(Hyssop, S. Eur.), Origanum mojovaua (Marjoram, from the Mediterranean), 
0. vulgare (Wild Marjoram), creticmiu sviyrnceum, etc., Salvia officinalis 
(S. Eur,), Rosmarinus oficinaiis ' (oil of Eosemary, S. Eur.), Lavandula veraj 
(oil of Lavender, S. Eur.). Also: Satureia hortensis (S, Eur.), Ocimum 
hasilicum (E. India), Pogostemon patchouli (E. India), etc.-— As ornamental 
plants, e,g. 3Ionarda, PUctyanthus, and Co/m ‘ (foliage plants, often with 
red stems and leaves), Stachgs lanata (white, woolly), Pidomu, ySaZyf a- species, 
Perilla, etc. 

Order 5. Selaginacese. 130 species ; small, most frequently heatb-like 
shrubs or herbs, mainly from S, Africa. They differ from the other Nucaliferae 
especially in the bilocular, transversely-placed anthers of the 4 stamens (2 
stamens divided as far as the base (?)). The ovary has 2, or by suppression 
only 1 loculus, each with 1 ovule, and the fruit is a scliizocarp dividing into 
two, or is a 1-seeded nut. Eadicle turned upwards.— A few are ornamental 
plants (Selago, Hehenstreitia), 

Order 6. Globulariacese. 12 species ; especially in the Mediterranean. They 
form an analogy to the Composite, and in the main resemble Jasione montana 
in appearance, the flowers being crowded into a spherical head (hence their 
name) and supported by bracts, but without involucre; the ovary is unilocular 
with 1 pendulons ovule. The 1-seeded nut is enveloped by the jjersistent calyx. 
The corolla is more or less labiate, the upper-lip is often absent as in the ligu- 
late corollas of the Asterece ; stamens 4, didynamous, with transversely placed 
anthers opening by one transverse cleft. The leaves are scattered, simple, 
entire, and generally form a rosette, Glohularia. 

Order?. Stilbacese. Heath-like shrubs. The ovary is bilocular; 1 ert^ct 
seed in each loculus, or the posterior cell is empty. Stilbe. 7 species. S, Africa. 

Ftimllj 82. Contortae. 

Hypogynoiu^ regular, gamopetalous flowers (I^igs. 581, 582), 
which are generally 5- or 4-nierous, with 5 or 4 stamens (with 
the exception of Oleaceoe and Jasininacem which have only 2 sta- 
mens, alternating "with the carpels). The gjnoeceum is formed of 
^ Those which are officinal are indicated by t. 


dicotyledones. 



2 (nearly always median) carpels. The corolla nerj/ frequently 
has twisted cestimtion (the upper edges of the petals being free ; 
Fig. 581 A), and hence the individual lobes of the corolla are 
oblique, but the flower as a whole is regularly actinomorphic. 

A nectary, in the form of a honey- secreting ring or glands, is 
often found round the base of the ovary.— The leaves, with a few 
exceptions, are apposite and without stipules. Endosperm large 
(Fig. 581 0), except in Jasminacece and Asclepiadacew. 

The Apoeynaceas and the Aselepiadaoe®, on account of the free ovaries, 
without doubt represent a more primitive form, but the Aselepiadaoear on the 
other hand form an offshoot on account of their peculiar pollen-masses. The 
Loganiaeeffi form a transition to the Bubiacese. 

The orders are • , . . ^ r 

A. Stamens 5. 1, Gentianaceee ; 2, Apooynaeem; 3, Asclepiadacese ; 4,^Loga- 

niace®. 

B. Stamens 2. 5, Oleaoem; 6, Jasminacese ; 7, Salvadoraceas. 

Order 1. Gentianaceee (Gentians). Glabrous herbs, with- 
out latex; the opposite, undivided and entire leaves are often 
slightly united at the base ; many have rosette-like radical leaves. 
Stipules absent. The flowers are g‘enerally borne in regular, 
dichotomously-branched dichasia (Figs. 580, 581.1), which finally 
become transformed into uni pared scorpioid cymes ; the parts of 

the fiower are 4-5-nierous as far as 
the gynoeceum, which is 2-merous ; 
the calyx frequently is almost poly- 
sepalous ; the corolla has distinctly 
twisted gestivation (the upper edges 
being free) (Fig. 581 1), except 
Menyantliece. The carpels are en- 
tirely united, and most frequently 
form a 14ocular ovary with 2 pa- 
rietal placentoi bearing many ovules 
(often iu several rows. Fig. 581 A 
F). Capsule^ 2-valved, with septi- 
cidal dehiscence, the incurved edges 
bearing the seeds (Fig. 581 .A F'), 

I. Gentianej:. — Gentiana (Gen- 
tian) has most frequently a tubular, campanulate or funnel-shaped 
corolla, sometimes with teeth between the corolla-lobes and fringed 
in the throat of the coT’olla ; G. lutea has a rotate, yellow corolla.—r 
Swertia: rotate corolla; each lobe has at its base 1-2 nectaries, ^ith fringed edges. 


FjG. BSO, —’Brythrm. Inflorescence. 
1, 2, 3, etc., the successive shoot- 
generations. 
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Hrytlmea (Centauiy, Fig. .581) ; corolla most frequently salver- 
shaped. The anthers ultimately become spirally twisted (F). The 
style prolonged, deciduous. The flower has the ioheZm-arrangeraent, 
ie, the median sepal is anterior; the corolla is rose-coloured (in the 
native species). The capsule is semi-bilocular (Fig. 581 F, G), 
-^Cicendia has a low creeping stem, fine as a thread, and small, yellow flowers, 
4-merous (without twisted anther).— 0/iZom (Yellow- wort) 6-8-merous. 


Fig. 5S1,— centaurium. Inflorescence, ftow-er and fruit: floraJ-leav’es of 

the Isfc and 2rid order j Cf a valve of the capsule separated from its fellow. 
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regtilar; corolla-lobes oblique, estivation twisted. The stamens 
are indivi dually free, and the pollen- grains are free or at most 
united in fours (see Asclepiadacese). The two carpels have 2- 0) 
ovules, in all cases there is only 1 style and a capitate stigma, 
which towards the base is widened out into a disc-like table (stigma- 
disc) abstricted in the centre; but the carpels in most of the 
genera (e.g. those mentioned below) are entirely separate, and the 
fruit consists of two follicles^ the seeds of which often hawe a tuft 
of woolly hairs projecting from the iriicropyle, less frequently of 
two drupes. In some other genera there is a I-looular (pi-ovided 
with 2 parietal placentie) or a 2-locular ovary becoming a 2- 
valved capsule or a berry. Endosperm abundant. 

Vinca (Periwinkle) has a salver-shaped corolla, wbicb is twisted 
to the left in estivation (i.e. the left edge of the petals is free); 
nectaries 2, alternating with the carpels; the summit of the style 
is hairy. Follicles; seeds without hairs. Mostly creeping, ];)erenuial, 
evergreen plants, whose large flowers are apparently axillary ; in reality they 
are terminal, but by the development of the bud in the axil of one of the two 
uppermost leaves, they are thus displaced over the other leaf of the pair 
(a helicoid sympodium being formed). — Flinneria^ Taber nmmoritana^ Cerhera 
(drupe). Aspidosperma, 

Nerium (Oleander). The leaves are in whorls of 3. Corolla 
funnel-shaped, in jestivation twisted to the right, and with a corona 
resembling that of Lychnis. The anthers are prolonged at the 
tlie base and each also bears afc the apex a long, linear, hairy 
a,.ppendage; these finally become spirally twisted. Follicles; 
seeds hairy. Apocynum, Echites, etc. Epiggnum is epigynous. 

124: genera, 1,000 species ; principally in the Tropics. Only 2 species of 
Vinca are natives of this country ; the following are cultivated ns ornamental 
plants niinor^ V, major, V.' (Lochnera) rosea, Amsonia salicifolia, 

Nerhm oleander (Eastern Mediterranean). The latex of some is poisonous 
(Tanglibiia venenifera, Cerbera). Caoutchouc is obtained from others {Han- 
kornia, Landolphia, Vuhea, etc.). Tough bast is frequently developed. The 
bark of Aspidosperma quebracho Siud the seeds of Strophauthus hispidus are 
used ill medicine (also for African arrow-poisou), the latter is officinal. 

Order 3. Asclepiadaceae. A natural and easily recognised 
order, closely allied to the Apocynaceae; having, like it, frequently 
a poisonous latex, opposite, single, entire leaves and fundamentally 
the same floral diagram and floral structure (S5, P5, A5, 0-2) ; 
but in some the aestivation of the corolla is valvate. The carpels 
here also have/ree ovaries, but a,re united for some distance above 
into a large, shield-like, angular head, having on its under-side 


contortj:. 


the true stigmas, and the fruit always consists of 2 follicles; seeds 
most frequently numerous and hairy at the micropyle (‘'vegetable 
silk”); endosperm scanty. — The order is distinguished from the 
Apocyuaceos and from all other plants also, except the Orchids, bv 
haring all the pollen-grains in each of the 2 loculi of the anthers 
(true 2-locular anthers) united into 07 ie ivaxy, dub-shapod 

(“ pollinium ”) , for the purpose of pollination by insects. These 


heavy masses, in order to secure 
Orchids), must be attached to 
sticky discs (corpuscula) ; there 
are 5 corpuscula, one at each 
of the corners of the 5-angular 
stylar-head (alternating with 
the anthers), and to each of 
these are attached 2 pollinia, 
one from each of the anthers 
situated on either side (thus 
each anther gives its right 
pollinium to one corpuscula m 
and its left to another). The 
stamens are frequently united 
at the base, and each bears on 
the back a variously formed, 
petaloid appendage, termed 
a “cucullus.” 

A peculiar relative position 
(and therefore a good, dis- 
tinctive characteristic) is often 
found in the injiorescence^ which 
is cymose ; it is placed between 
the two leaves of a whorl, 
nearer to one than to the other. 
The leaf-pairs are placed obliq^uely 
in tlie lloral region, at acute and 
obiuse angles, and not at right 
angles (as in the purely vegetative 
parts) ; the inflorescences are placed 
in two rows only which are nearly 
90° from eacli other, and the two 
contiguous to one another are anti- 
dromous ; they are in reality ter- 
minal, each on its own axis, and the 
entire floral portion of tbe shoot is 


pollination (as in the case of the 



Fig. &ii2.—Asdepias cormttL d An open 
flower with tbe calyx {7.:)an(l corolla (c) turned 
down ; tbe St, a, mens are bent together and 
surround the gynoeceum. B The androicinm 
a‘'ter removal of tbe sterile part, (cucuUuh) 
of the anther, which functions as a itec- 
tary: e the lateral expan>ions of the fertile 
portion of the anthers; / the slit between 
the expansions of two contiguous anthers, 
through which the insect’s foot, and later a 
pollinum which is caught by it, is dragged, 
and behind which the only reee]itive part 
(stigma,) is hidden ; above the slit / i.'^ the gland 
(r), which secretes tbe horny corpusciilmn, 
w'hioh is split at its base and joined on either 
side with a pollinium (this is more distinctly 
seen in jDand F). When tbe foot of the insect is 
canght in the slit (/) and is drawn upwards, 
it becomes entrapped in the slit of the cor- 
pnscnlum, which is then pulled out together 
with the pollinia firmly attached to it. In 
walking over the flowers the insect will draw 
its foot through other slits (/) and so leave 
the pollinia on the stigmas. C, B The gynoe- 
cmm with the pollinia hanging freely. B A 
corpusculum and two pollinia. 
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addition, complications also arise 
-Herbs and shrubs, some twining 


a unipared scorpioid cymose symp( 
through individual parts becomini 
or climbing. 

In Asolepias the corolla h 
cncullus, from the base of 
bent inwards. — Vincetoximm 
5-lobecl cucnllns, without internal prominences 
from S. Africa) is remarkable on account of its Cactus-li 
large, brownish flowei’s, often with carrion-like smell, 
powdery pollinia (S. Eur., etc.) ; Hoy> 
cdimber, a. - 

204 genera -with 1700 
outside these limits 


fa caniosa (Wax-tiower ; irop. Asia) is a 
and has sinall, annual, flower-bearing dwarf -branches. Cernpegia. 

■pecies, distributed over all tropical countries; few 
no native species. Several are used in medicine on 
account oi the pucgent properties o*£ the latex. Condnraiago-bark of Gonolobm 
eondtiraniio is medicinal. Camrtohoao is obtained from the latex of some (e.j. 
from Cynanclnim). The seed-hairs, wliioh are most frequently shining, silk- 
like, and white, are not sufficiently pliant to be of much value. Ornamental 
plants in our gardens : A sclepias -species, etc. 

Order 4. Loganiacese. Ovary single, with two loculi, in structure resem- 
bling the Bubiaceae, but superior. 360 species are included in this order ; the 
majority are tree-like, some Hanes which climb by tendril-like branches. The 
interpetiolar stipules of some species are very characteristic (as in Bubiace^,to 
which they may be considered to be closely related). The fruit is a capsule or 
beny. The most familiar genus is Strychnos, which has spherical berries with 
an often firm external 
endosperm abundant, 
from the base. — S}A gelid. 


The leaves have 3-5 strong, curved nerves proceeding 
•They have no latex, as in the two preceding oraers, 
but many are rery poisonous (fiontaining the alkaloid “ strychnine,” etc.) ; the 
South American ariw-poison, nrare or curare, is made from various species 

ill the Bast Indian Islands (Java, etc.) 

(“ Vornic nut,” Ind.). The seeds 
ignatii (Ignatius-beans, medicinal), and others are poisonous. 

always opposite, Tbe 
The calyx and corolla are 
the corolla 
All four forms of fruit 
Ovules ‘pBn,dulous^ 2 in each loculus 
— Syfinga (Lilac) and ForsytMa 
ave capsules with loculicidal de- 
Fraxinus (Ash) has tvinged nuts 
; trees with most frequently imparipinnate 
nalced and sometimes unisexual (poly- 
j) has hovreTer a double perianth 
in the native species, F. excelsior. 


of Strychnos, also an arrow-poison 
OmciNAii, the seeds of Strychnos niix vomica, 
of Strijchnos 

Order 5. Oleacese. The leaves are 
inflorescences are racemes or panicles 
A-merous, more oi* less united, free in some species ; 
has most frequently valvate jestivation. 
occur (see the genera) 

(Tig, 583 0). Endosperm oily. 

(anthers somewhat extrose) hi 
hiscence and winged seeds 
(samara) (Eig. 583 D) 
leaves; the flowers^ are 
gamous), the Manna Ash (F. ornus] 
with 4r free petals, (Eig.. 583 a ) ; 
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ibe flowers open before the foliage appears. —Xzgfwsfrwm (Privet) has 
berries. — Olea (0. europcea ; Olive) has drupes', the pulp and seeds 
of the ellipsoidal fruits are rich in oil. The lanceolate leaves are 
grej on the under surface, being covered with stellate hairs. In 
the wild state it is thorny (modified branches).— P/itZZymi ; 
Chionantlius. — Pew species of Idnociera have 4 stamens. 




Fig. 533.— Fmaimws onius; A flower; ca calyx j co corolla; B gynceceum and ca^x; 
C longitudinal median section of gynoecenm; X) fruit. 

180 species; chiefly in the northern temperate zone. The Olive-tree [Olen 
europaa) heLS been an important cultivated plant from ancient times (Olive oil, 
Provence oil, “ Sweet oil’”)- The best oil is extracted from the fruit-pulp. 
The fruits are edible. Home : Western Asia, Eastern Mediterranean. Timbek : 
the Ash {Fr. excelsior). Officinal : the Manna Ash [Fr. ornm), cultivated in 
the Mediterranean countries for the sake of its saccharine juice, which flows 
out and coagulates into “ Manna. ’’—The following are ornamental plants: 
species of Ligustruni and Syringa (introduced in the 16th century, from S.E. 
Europe and Asia), Forsythia (China, Japan ; the large, yellow flowers are borne 
on dwarf-branches with scaledike leaves, before the opening of the foliage- 
leaves), Chionanthus. 

Order 6. Jasminacese. The festivation of the corolla is imbricate ; the 
ovules are erect ; seeds almost without endosperm ; radicle directed downwards. 
The number of lobes in the calyx and corolla is not 4, but e.g. 5, 8, 10, and 
variations are sometimes found in the same individual. The fruit is a berry or 
capsule. Many species are twiners, and their scattered or opposite leaves are 
most frequently imparipinnate.— 120 species ; especially in Trop. Asia (E. India). 
Some Jasminum-species are cultivated as ornamental shrubs m the warmer dis- 
tricts on account of their elegant foliage, and beautiful, sweet-scented fl.owers, 
the essential oil of which is also used in perfumery; the best known are: /. 
samhac and grandifloram. Nyctanthes arbor-tristis opens its sweet-scentcc 
flowers only at night (E. India). 

Order 7 (?). Salvadoracese. 8-9 species; Asia, Africa.— SaZradom. 



BICOTYIiEDONES, 


Tetracyclicse with epigynous flowers. 

Family 33. Rubiales. 

are always opposite or verticillaie. The flower is epigy. 
or 4-) meroTis, with, the usual sympetalous diagram 


Fia. CBi.— Cinchona calisaya. Flowering; branch. 

The inflorescences are frequently dichasiah The 
lall, reduced to teeth, and become almost entirely 
the higher forms. — The flower is regular in IltihiacecB 
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and some CaprifoUacece, but in other genera of this latter order 
(especially of Loniceress) it is nn symmetrical. In several genera 
of the order first mentioned the locnli of the ovary contain many 
ovules, but in the last the number of loculi and ovules becomes 
reduced. This is to some extent connected with the nature of 
the fruit which is maiiy-seeded in most instances, namely a 
capsule or berry, but in others nut-like. Endosperm is present. 

The family on one side is allied to the Contortae (not only through the 
Loganiacece but also through the Apocymcece), and may be regarded as an 
epigynous continuation of this family ; on the other side it is allied to the 
VarerianaceiB and Dipsacaceee. Many points of agreement with the Coniaceie 
and Araliacece are also found, and in fact several Caprifoliaceffi are distin- 
guished from these by hardly any other feature than the gamopetalous corolla. 

Order 1. Rubiaceae. Leaves opposite (or verticillate), un- 
divided and entire, with interpetiolar stipules (Fig. 586). Flowers 


A entire flower j B after removal of the corolla ; 
iection of ovary; B fruit; B seed, 

)dite, regular, 4- or 5-merous with the 
585, 588-590) ; corolla gamopetalous, in 
3 vary freguently 2-locular, 

ters which at once distinguish this exceedingly 
natural orders (Compositse, TJmbelliferse, etc.), 
Uerpetiolar stipules form an excellent mark of 
many sub-orders and groups, especially oharac- 
mi'j (1 or several ovules iu each loculus), and o 
drupe, capsulel.—The corolla is bilabiate in 4 
is twisted; in Cupirom, etc., the fllamexits are 
ynni nr vn All S Itl HenriQuezia. etc. In Monnaj, 
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1, CiNCH02^Ejj. The fruit is a 2-valved with many 

winged seeds (Fig. 585). Cinchona (Quinine, Fig. 584). Trees 
and^shrubswdth the foliage and inflorescence somewhat resemhling 
Syringa ; the corolla also being of a lilac colour, more or less salver- 
or funnel-shaped, and frequently edged with a fringe of hairs (Fig. 
585), is somewhat similar to that of Menyanthcs. Their home is the 
Andes from Bolivia to Yenezuela, varying in altitude from 1-3000 
metres. There are now large plantations in Java and B. India. 
(The name “quinine” is of Indian origin; that of the genus “ Cinchona,'^ is 
from the Spanish Duchess Cinchon, who in 1638 first introduced the bark into 
Europe.) The following are closely allied: CascarUla, Eemijicij Ladenlergia, 
Manettia, Bouvardia, etc. 

2. GARDENiEiE. Trees and shrubs, frequently having a many-locular berry. 
Bandia, Gardenia, Genipa, Hamelia^ etc. 

3. CoFFEEJj. Only 1 seed in each of the two loculi of the ovary ; 
the fruit is a drupe with 2 stones. Co^ea has an ellipsoidal fruit 

about the size and colour 
of a cherry; the two thin- 
shelled, parchment-like 
stones are enclosed by a 
thin layer of pulp ; the two 
seeds are flat on the side 
turned fco one another, 
which has also a deep, 
longitudinal groove curving 
to the sides. The endo- 
sperm is hard, horny and 
greyish (without starch) ; 
the small embryo lies in 
the lower end near the 
circumference. The Coffee-plant (^C. arahica) is a small tree, or 
more frequently, and especially in plantations, a shrub with large 
dark-green leaves and scented, white fiowers. Its home is in 
Tropical Africa; it is now cultivated in many tropical countries. 
0. liherica, W. Africa . — Cephaelis (C. ipecacuanha, Fig. 586; the 
roots are officinal). — Psyehotria, Chiococca, Ixora, Hydnophytum, Myr- 
mecodia, etC;* 

4 , Spermacoce^. Chiefly small shrubs and herbs, man}^ of which are 
weeds in tropical countries* The stipular sheaths bear numerous bristles at the 
edge, Spermaeoee, Borrerla, Diodia, Bichardsonia, etc. 

5 . Stellam.. Serhaceous plants with verticillate leaves (Figs. 


Fig. £86 . — CephaHis ipecacimnlia. Portion of a 
branch: sfe stipules. 



F IG. 5 ^T.—Buhia hnciormi. 

there are apparently 6 leaves, then the two of 

other are leaves, and the other four are stipules I ^ ^ 

in the whorl, then a division of the stipules f 

theory is founded upon the fact that not more than 2 of the 

ever support buds (which, in addition, are ' 

that the whorls do not alternate with 

of the position of the leaves, they should do if a 
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587 588-590); tte stipules are large, leaf-like, mi vesemhle the 
lamina of the leaves, so that theleaves appear to be placed several in 
a toliorZ, while in reality there are only two opposite leaves, the 
stipnles'of which project /reeZy, and are not erect (Fig. 587). 

In some cases there are apparently 4 leaves in the whorl, and then 2 of 
these are leaves, and the other two are their interpetiolar stipules. When 
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equal value. If there are, for instance, 4 members in two successive whorls, 
they stand right above one another, and do not alternate. The development 
and anatomical relations (the branching of the vascular bundles) also point to 
the same conclusion. — All the other groups of the order have only 
2 small scale-like interpetiolar stipules, or they form at the base o£ 
the leaf-stalks an interpetiolar sheath, having often a toothed edge 
(Fig. 586). — Another characteristic feature in this group is that 
the calyx is rudimentary, the corolla valvate (Fig. 588), and that 
each of the two loculi of the ovary has only 1 ovule. The fruit is a 
scluzocarp lUvidmg into 2 fniitlets (Fig. 590). The forms of the fruit, 
as well as many other characters, as, for example, the epigynous flower, the 
rudimentary calyx, the two free or almost free styles, present interesting 
analogous resemblances to the polypetalous order of the Umbelliferae. This 
group has its home chiefly in the temperate regions of the northern 
hemisphere, especially about the Mediterranean ; it is the only 
group which occurs in this conntrjr, repi’esented by 4 genera. 


Fia. SSS.—Diagram. Fio. 589.— Longitudinal section ot flower. 

Fig. 590. — ^Longitudinal section of fruit (^). 

Galium (Cleavers) is almost destitute of a cadyx ; it has a small 
rotate corolla^ 4 stamens, and 2 free styles. The fniitlets 
are nid4ike. The inflorescence is a paniculate dichasium passing 
into lieliGoid cymes .- — Aspeimla (Woodruff) is distinguished from 
the above by its salver- or funnel-shaped corolla. 1 style. — linhia 
(Madder, Figs. 587-590) has almost the same form of corolla as 
Galium^ but (most frequently) a o-merotis flower^ and the fniitlets 
are Sherardia (Field Madder) ; the flowers are clustered in closely 

arranged cymes surrounded by an involucre; the calyx has 6 distinct teeth, 
while the number of petals and stamens is 4. The corolla is funnel-shaped. 
— Vaillantia, Crucianella. 

The pisTRiBUTioN or sbbus, in some instances, is promoted , by hooked append- 
ages on the fruitlets {e,g. Galium aparine). 

The small flowers of the Stellatae are frequently collected in compact inflor- 
escences, and are therefore rendered more conspicuous ; slight protandry is 



found in some, self-pollination in the species which are less conspicuous. 
Many species are heterostylous. ^Iijrmecodia, Hydnopkytum, and other genera 
have large tubers (hypocotyledonous stems), whose labyrinthine cavities and 
passages are inhabited by ants. 

About 4,500 species; tropical or sub-tropical except the Stellate; especially 
American. The tropical ones are mostly trees.— Several are officxn'.^l on ac- 
count of the large amount of cilkaloicU and glycosides which they coutain. Tne 
most important are the Cinchonas (Cinchona calisaya^C. succirubra^ C. ojidmilh, 
G. micmiitha, etc.), whose bark contains the well-known febrifuge and tonic, 
Quinine, Cinchonin, etc. ; Quinine is also found in Exostemma, Latkuhergia, 
and Remijia. The root ‘‘ Ipeeaeuanha ” (an emetic) from Cephaelis ipecacuanha 
(Brazils). Caffeine is officinal. The use of the seeds of the coffee plant (“ the 
beans was first known in Europe in 1583.— There are only a few which con- 
tain aromatic properties, principally among the Stellatje (coumarin in Asperuki 
odorata, the Woodruff), in which group colouring materials are also found. The 
root and root-stalks of Riihia tinctorum, the Madder (S. Ear., Orient., Fig. 
587), were formerly largely used for dyeing, but are now superseded by the 
analiAe colours. Bed dyes are also obtained from the roots of species of 
Aspenda and Galium. Gambier is a splendid colouring material, obtained from 
Uncaria ganihir (S.E. Asia), which is used in dyeing and tanning. — The order 
does not furnish many ornamental flowers. 

Order 2. Caprifoliacese. This order agrees with the Rahiacea? 
in having opposite leaves and an epigyiiousBower, most freqaeiitiy 
5-merous with the ordiiiarj tetracyclic diagram, but in some 
species it is zygomorphic ; the corolla has imbricate aestivation, 
carpels 3-5, most frequently 3 (not 2, which is the most usual 
number in the Rubiacem). The fruit is generally a berry or a 
drupe, but the most important, and in any case most easily recog- 
nisable feature, is the absence of stipules; in exceptional cases, 
where they are present, they are not interpetiolar, and are most 
frequently small. — The majority of plants belonging to this order are shrubs 
or trees. Compound leaves sometimes occur. Stipules only appear in a few 
species of Lonicera, Sambucus and Viburnum; in the common Elder [Samhucus 
nigra) they are in so3ne instances glandular and small, but in other cases larger 
and more leaf-like (upon long, well- developed shoots) ; in the Dwarf Elder (S. 
ebidus) they have the normal leaf-like form ; in Viburnum optdas they are pre- 
sent as narrow lobes at the base of the petiole ; in others they are completely 
absent. The leaves are frequently penninerved, rarely palminerved. The 
calyx, as in the Stellatse and Aggregatse, is often very iusignifieant. 

I. LONICEREJ2, Honeysuckle G-roup. This has campa7iidafs or 
tubular corollas which are often zygomorphic; in connection with 
the length of the corolla the style is long, filamentous, and most fre- 
quently has a large, capitate stigma. There are several ovules in 
the loculi of the ovary, and the fruit is most frequently a berry. 
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i). Shrubs, sometimes twiners. The 
considerably bilabiate (Fig. 591), with 4 

*s more 


Lonicera (Honeysnckl- 
corolla in some species is 

lobes in the upper lip, and 1 in the under lip, but in other 
regular, tubular, or campanulate. The flowers are either borne in 
capitate inflorescences, which are compound and formed of closely- 
compressed 3-flowered dichasia (sect. Gaprifolutm}, ov in dichasia 
with 2 flowers (the terminal flower is wanting). The ovaries and 


FiGf. 691. — Lonicera. 

fruits coalesce in some (sect. Xylosteum). The opposite leaves in some 
species unite with each other and form a broad collar encircling the stem (Fig. 
591). Above the primary bud 1-2 accessory buds are often found in the 
leabaxils.— DiemZZa {Weioelia ) ; with a 2-locuiar, 2-valved capsule.— 
carmB (Snowberry) has an almost regular, funnel-shaped corolla ; a peculiar 
feature is found in the ovary which has 4 loculi, the 2 median having many 
ovules in 2 rows, all of which are aborted; the 2 lateral ones, on the other 
hand, each have only 1 ovule which is developed. Di:fferent forms of leaves 
are freauently found bn the same branch ; they are entire or lobed. 
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2. Sambuce^, Elder Group (Fig% 592). This has a rotate, regular 
corollch extrorse anthers, a very short and thick (or almost absent) 
style, with tripartite stigmas, and only 1 pendulous ovule in each 
of the 3 (-5) loculi of the ovary. The fruit is a drupe ” with 1-3 
(— o) stones. The inflorescence is made up of cymes grouped iii uii 
umhel-Uhe arrangement. 

Bambucus (Elder, Eig. 592) has imparipinnate leaves and a 
“drupe ” with 3 (--5) stones. Between the calyx and the style a disc 
remains on the apex of the fruit. S. nigra with black fruit ; S. ruccmma 
with red fruit; S. ebidiis is a. perennial herb; the others are woody. — Vihnr- 
num (Guelder-rose) has simple leaves (penninerved or palmi- 
nerved, entire, dentate or lobed), and a “drupe” with only 1 stone^ 
wliich is compressed, cartilaginous, and parchment-like; 2 of the 
loculi of the ovary are aborted. (In V. opidus the marginal flowers of 
the inflorescence are barren, and in that case their corollas are generally 
specially large ; the cultivated Viburnum has only barren flowers, with large 
corollas.) 



Fig. £92 . — Samhucus nigra : cor corolla; s calyx. 


3. LiNNiEEJE. Linnrea borealis (the only species) is an extreme form of the 
order ; it has a 2-flowered dichasiura, funnel-shaped, slightly bilabiate corollas 
(I) ; 4 didynamous stamens. Two of the S loculi of the ovary have several 
ovules which are not developed, while the third has only 1 ovule, which de- 
velopes into a seed. The fruit is a nut, which is enveloped by the two large 
bracteoles, which are covered by sticky, glandular hairs, and serve as a means 
of distribution. It is a small under-shrub. 

[Adoxa, which was formerly classed in this order, appears, according to recent 
investigations, to be more properly placed among the Saxifraginoe.] 

In cases where the flowers are small, as in Bambucus and Viburnum op ulus, 
they are rendered conspicuous by being ai’ranged in closely-packed inflores- 
cences ; they are massed together and form large surfaces, and in the last 
named are still more conspicuous on account of the barren, but large ray- 
flowers, which are of service in this respect. , Honey is secreted in the nectaries 
at the base of the styles. In the genera with rotate flowers, as Viburnum and 
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Other Sambuceje, the honey lies so exposed and in such a thin layer, that only 
flies and insects with short probosces can procure it ; bees, however, visit these 
flowers for the sake of the pollen. There is hardly any nectar in the Elder ; 
self-pollination frequently takes place. The flowers of the Caprifoliaceas, 
which, with th^^ir long corolla-tube are adapted for evening- and night-flying 
insects with long probosces, open in the evening, and at that time give off their 


Distribution. 2.30 species; especially outside the Tropics in the Isorthern 
Hemisphere. In this country they are found especially in hedges and as 
under-shrubs —-O fficinal : the flowers and fresh fruits of the Elder {S. nirfra), 
the fruits (“ berries ”) being also used in the household. Ornamental shrubs : 
species of Lonieera, Symphoricarpus, Diervilla, which are chiefly from N. Am., 
Abelia and Viburnum. 


Family 34. Dipsacales. 

The leaves are opposite and without stipules. The flower (Figs. 
'3, 595, 598, 599, 600) is epigynous, zygomorphic or asymmetrical, 
merous with S5, P5, stamens typically 5, but by suppression 
ver move than Ai, sometimes less, carpels 3—2. The calyx is more 
' less insignificant, and almost suppressed in the extreme forms, 
he ovary has 3-1 loculi, but only one loculus has an ovule, which 
s wif.h mierfmvle turned tivwards fFisr. 594). Fruit 


have almost the same structure as many of the Gaprifoliacem. It attains the 
highest development in the Dipsacace®, which are composite plants, but differs 
from Coniposit® in the position of the ovule, etc. 

;s or nndex'-slmihs 
stipules absent. The 
rpioid cymose inflor- 
lane of symmetry (Fig. 593). 

x is frequently 
lus, as in OompositaJ ; 
produced into a spur at the 
3 (4-1) of the 5 stamens are de- 
Carpels 3, which form an inferior ovary, 
often with, 3 loculi, but only 1 of the loculi contains 1 pendulous, 
anatropous . opule (PigB. 593, 594 H), the other loculi are empty 


Order 1. Valerianacese. Herbaceous plants 
with opposite leaves, often pinnate 
flowers are borne in dichasia and in scor 
escences and are entirely without any pit 
The calyx and corolla are 5-meroas, but the caly: 
very insignificant and ultimately a papp 
the corolla is frequently saccate or 
base. Most frequently, only 
veloped ; these are free. 
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(a) (Fig. 593), ^'Fose branch is suppressed in the dichasium ; after this the pos- 
terior median stamen is next suppressed. 

By the vegetative characters as vrell as ^ 

by the inflorescence and the flower, the — ‘V. 

order is allied to the Caprifoliaceae and 

especially to the Sambuceai. // ..-y-v \ 

^ I [ 

In the least modified (oldest) A 1 j i 

forms, Fatrinia and Ncioxlosfachiis, \ \\ [ 

tliere is an almost regular flower, 
a 5-rnerous calyx, 4 stamens, and 
B loculi in the ovary, 2 of which ^ 

however are barren. The stamens i 

in V(il 6 Tici 7 i 6 ll(i are reduced to 3, in © 

Fedia to 2 (posterior), and the 

calyx is less distinctly 5>dentate ; j * \ 

the 2 empty loculi in the ovary f 
are still visible. Fedia has a small \ i / / j 

spur at the base of the corolla. ' 

Yalefiana has a very I'cduced, haii- ^ 
like calyx (pappus), an unsymniet- 

rioal salver-shaped corolla with a ^ . 

ncai, saLvt.i »U ^ 5 g 3 ^„^ Dingmm of P^alcmna 

sac4ike, nectariferous spur at tne B Diagram of Centraut/ms. 

base, 3 stamens and only 1 localas 

in the ovary (Figs. 594, 593). 

further reduced. The corolla lias a spur and only 1 stamen, 

as far as the tbroat.-The rays of the WF«.«e B) 

rolled up before the ripening of the fruit. 12- ^ 

r«!. officmatis and others are | the second 

project from the centre of the flower (Fig. a), ® . j j ^ogeious 

« Lr.™ have become bent backwards. (F. dim,a is oiaco 



Fig. 596. -r- Cmtmnlihus,, niher. 
Flower, its lowermost portion (the 
ovpy and spur) in . longitudinal 
section, (KUjg ) / 


Fig. S 97 .~- Scab iosa a fropurpurea. Frmtin lon- 
gitudinal section. Inside the epicalyx ” msy 
he seen the fruit drawn out into a beak, with 
straight embryo and radicle directed upwards. 


BICOTILEDOH'ES. 


with large ^ - and small $ .flowers)^— 275 species ; especially from tlie temperate 
acd colder parts of the northern hemisphere of the Old World, Western North 
America and the Andes. —Bitter properties are characteristic, such for instance 
as the volatile acid and volatile oil of Valeriana ; these occur especially in the 


Fig. 531.— Euler tana; A ovary (longitudinal 
section) ; B ripe fruit. 


Fig. 595.— Ealeriana ; a Sower 
in the d stage ^ b in the ? . 


rhizomes. OrKciNAL ; the rhizomes of V. officinalis. — The true Indian 
“ Nardus,” an important medicine and perfume in India, is extracted from 
Nardostachys (Himalaya). A variety of Valerianella olitorla is sometimes 
used as salad. 


Order 2. Dipsacaceae (Teasels). Herbs with opposife leaves 
without stipules. The flowers are situated in compact capitnla 
each with an involucre. A characteristic feature of the order 
is that each flower of the capitulum has a ganiopliyllous “ epicalyx ” 
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Pig. 598-600.— DipsacusfuUonum. 

flowers in a zone below the apex commence to flower first), 
(i). Fig. 60a.— The same in longitudinal section. 

>er more than 4, the posterior one remaining 
ally have free anthers whkh generally project 
99) The ovary is nnilocnlar with 1 pen- 
irs 1 undivided style-, fruit a nnt with 1 seed 
and with the radicle turned upwards (1 ig. oJ7 j. 
,ays open in centripetal order, a fact wHch mY be 

In which a Mne of flowers round the 
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eficah/x” ia not quite certain ; in all probability it is formed from two united 
bracteoles, for an “epicalyx” is distinctly formed in this way in one of the 
Valerianaoeffl, Fhyltactv<.—T!he ray-flowers are larger and more irregular, labiate 
or lignlate, than the disc-flowers, yet not in so high a degree as in the Com- 
positas. 

A. A scarious bract to each flower. Seahiosa bas a 5-lobed 
corolla; the “ epical jx” has. a diy, scarious, often finally large 
collar, and the true calyx is formed of long bristles (generally 5) 
(Fig. 697). Succisa pratends (Deril’s-bit) has a 4-lobed corolla, the 
colhtr of the “ epicalyx ” is herbaceous ; the calyx as in the pi-eoed- 
mg.—Pteruoefihalus.—mpsacus (Teasel); large, spiny and stiff- 
haired herbs with capitula, or short, thick spikes on which both 
the involucral-leaves and bracts project considerably, and are 
stiff and spinose (Fig. 598). The “ epicalyx ” has short teeth, or 
i.s almost entire. The leaves of the stem unite together in pairs, so that 
shallow cups are formed round the stems in which rain-water may collect.— 
Cephalaria.— Marina ; the flowers are falsely verticillate as in the Labiatfe ; 
the calyx has 2 laterally-placed, entire, or emarginate lobes; 2 stamens, or 2 
large and 2 small ones. 

B. Bristles, but no true bract to each flower. Knmsiia ; the 
corolla is 4-partite, the calyx cup-like, with many bristles or 
teetli on tlie edge. 

Pollination is in many species effected by insects. The honey is secreted 
by a ring round the base of the style. The flowers in our native species are 
considerably protandrous. Gynodioecions flowers also occur. 150 species; 
especially in the Mediterranean and tbe Orient ; the order is not represented in 
tbe South Sea Islands, Australia and America. -The heads of the true Teasel 
{Dips, fullonum) are used for carding wool, on account of the elastic bracts, 
which are hooked at tbe point. The order has bitter properties ; tanin, etc. ; 
but no species are list'd in medicine or the household . — Seahiosa atropiirpui ea, 
etc., are used as ornamental plants. 

Order 3. Calyceracese. This order resembles the Comijositae in the valvate 
jBstivatiou of the corolla and the more or less united stamens, and the Dipsa- 
eaceie in the undivided style, pendulous ovule and endosperm. The calyx is 
frequently composed of 5 distinct scales. An “ epicalyx ” is wanting. 20 
species ; America. 

Family 35. Campanulinse. 

The flower is ejpigynous^ perfect, with 5 sepals, 5 petals, and 5 
stamens in regular alternation, and 3 (2—5) carpels. T.b.e sepals 
in all cases are distinct^ hnt narrow and pointed, so that the 
Eestivation is open. The corolla is g'amopetaloas with (as in the 
Compositje) or slightly infolded- valvate jBstivation. The 
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stamens are nearly always situated on the torus without being 
united to the corolla (Figs. 601, 604). The anthers adhere or 
unite and form a tube with introrse anthers from which the pollen 
is swept out by the projecting, brush-like hairs on the style (as in 
the Compositfe). The ovary is 3 - (2-5) locular, many ovules in 
each loculus. The fruit is generally a many-seeded capsule (or 
berry). Embryo in the centre of a fleshy endosperm. — The 
majority are herbs ivith scattered leaves, without stipules. The 
presence of latex and inulin, together with the tubular formation 
of the anthers, the pollination, etc., indicate a relationship with 
the Composite. 

The Ciicurbitacece are by some authorities placed in this family as being 
most closely related to the Campanulacese. Although the corolla is most fre- 
quently garaopetalous, and other similarities to the Campanulaceie are present, 
yet on account of the structure of the ovule, and for other reasons, the Cucur- 
bitaceas are here placed in the Choripetalai. The CampanulinsB without doubt 
proceed upwards to the Compositje, with which, in addition to the occurrence 
of inulin and laticiferous vessels (Oichorieae), there are many corresponding 
features both in the structural and biological relations (epigyny, valvate testi- 
vation of the corolla, tendency of the anthers to adhere or unite, protandry 
with a stylar-hrush, etc.) The inflorescence of Jasione is almost identical with 
that of the Gompositm. 

Order 1. Campanulaceae (Campanulas). The flowers are 
regular and in some only semi-epigynous, 5-rneroLis, except in the 
gynoeceum which is 3-merous (the unpaired, median carpel being 
generally posterior), more rarely 2-5-merous, and has a corre- 
sponding number of stigmas and loculi in the ovary; the placen- 
tation is axile with a large number of ovules. The median sepal 
is posterior. The stamens frequently have broad, free bases (Fig. 
601 K) which cover the nectariferous upper surface of the ovary ; 
the anthers only fit loosely together, and become separated as 
soon as the pollen is shed (Fig. 601 G)» 1 long style, which is 
studded by sweeping- hairs (stylar-hrush), which ultimately be- 
come invaginated; the stigmas do not unfold until the stameus 
have shed the pollen (Fig. 601 G). Fruit a capsule. — Herbs, 

more rarely under-shrubs or shrubs, with latex and scattered, 
undivided leaves without stipules. The inflorescence is most fre- 
quently a raceme or spike with terminal flower. 

A. Capsule opening at the side by pores and small valves: 
Campanula (Canterbnry-bell) ; the corolla is bell-shaped, rarely 
almost rotate ; capsule obconical. The pores of the capsule are found 
near the top of the fruit when it is erect, and UeS-r the base when it is pendu- 



Ions, so that the seeds are not liberated n: 
and they are thus ejected to a considerafc 
pion) has free petals, -which for a 1( 
form, a tube round the stamens (F. 
spike-lihe or capitate, in t*..^ 
Conipositse, and frequently w 
possessed by this ordei’. 

Mchauxia (flower Snnerous).- 
B. Capsule wdth Yah 
Jasione ; the petals at*e i 
the base (syngenesious) 
umbels with involucres.— 


considerable distance. — Fhyteuma (Ram- 
h for a long time adhere at the apex and 
^^ig. 601); inflorescence compact, 
the latter case resembling that of the 
ith an involucre similar to the one 
Specvlaria (rotate corolla, prismatio capsule), 
■Symphyaiidra has syngenesious anthers, 
es at the apex, loculicidal dehiscence : 
I most free. The anthers are united at 
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Fio. 602.— Diagram of Lobelia 
fulgc7is. 


Figs. 603, GOk— Lobelia sypUilltica. 

Fig. 603.— Flower {-), Fig. 604.™ Longitudinal Bectiou 
of the same. 


tiiraed anteriorly (Fig. 602) (a position which is found to occur 
within the Carnpanulaceoe). A twisting of the peduncle takes 
place even before flowering (as in the Orchids) so that the ordin- 
ary position of the 5-ineroas Dicotyledons appears to be restored. 
The zygomorphy of the flower is especially present in the corolla, 
which has a bipartite andei*-lip and a tripartite upper-lip, and is, 
in Lobelia, anteriorly (apparently posteriorly) deeply cleft (Fig. 602). 
There is 1 style, but the stignxa is capitate and bilobed and sur- 
rounded at its base by a loJiorl of hairs, which assists in pollination 
(as a stylar-brush) in the same manner as the sweeping-hairs in the 
Campanulacem and Compositse. There is no terminal flower in tlie 
spicate, or racemose inflorescences. — Lobelia has a capsule, several 
others have berries. Uotoma (regular flower); Heterotoma has a spur; 


Biphocampylos ; Lysipoma (pyxidiiim) ; Clintonia (l-locular fruit). Metzlena 
(all the petals are free). 

Entomophilous and protandrous. About 500 species, especially in the 
Tropics; in this country, L. dortmaana (margin of lakes). — Several are culti- 
vated in gardens and conservatories as ornamental plants [Lohelici hlcolot, 
erlnus, fulyens, etc., Siphocampylos, Centropogon). The latex of several species 
of Tupa is poisonous ; caoutchouc is also obtained from them. Officinal . 

herba Lobelice ” (the alkaloid lobeline) from the poisonous L. mfiata (N. 
Am,). . . 

Order 4, Goodeniaceee, Chiefly Australian (200 species), closely related to 
Orders a and 5, but without latex. The style is provided with a “ collecting- 
cup ” which receives the pollen before the flower opens ; it has a small, hairy 
aperture through which the pollen is forced out by the stigmas,, and^ through 
which they emerge when the pollen is shed ; it is sensitive and exhibits move- 



Goodenia. 


:e 0 e) ; 100 species, the majority 
le ordinary position. The anterior 
* " ’ 3 is the presence of only 2 

united mth the style and form a 
at the bend to such a 
- -3 the flower to the opposite 
Herbs, less frequently under-shrubs. 


Order 5. Stylidiacese (or Candc 
Australian ; zygomorpbic flowers, but w 
petal is very small. The chief characteristic featme 
stamens (with extrorse authers) which are - 

ft^-coLn; this is bent like a knee and sensitive 
degree that when touched it jerks violently across 

side and then loses its sensitiveness.— I , 

Stylidiim {CandolUa), 


Family 36. Aggregate. 

The dowers, 'which are home ia “ capitula 
epigynouB (Pig. 605 0, P), in the < 

mdroecium, the corolla is wlvate lu oestivatio: 
S5 P5, A5, Gr2). The anthers are united into 
dous) (except Amhrosi&x) which surrounds the I 
A never more than 1 loculus in the ovary, "with j 
ovule. The fruit is a 1-seeded nut (cypsela), wi 
thTcalyx generally persists as a tuft of hairs ( 
on- the summit of the fruit. Embryo 
radicle dui'scted dotoii'icm ds* 

Only 1 Order : Compositse. 

With respect to the inflorescence and the d 
individual flowers, there is a very close resembl 
cacece, which stand on the same plane of ] 
Compositee. But while the latter are allied 1 
the last stage in the process of evolution, the D 
filial stage of the Ruhiales-Dipsacales. 

Order Compositee. (Eor the principal c 
pare those of the family.) The Composita? 
but trees and shrubs also occur in tropical cou: 
may he scattered or opposite, hut have no s 
leaves of the involucre as a rule are harro 
numerous and imbricate, while the innermost o 
flowers of the capitulum ; in a few instances 
Tragopogon, Tagetes). The gapituia are manj 
exception, e.g. of JScUnops, which has 1-flowere 
570). The capitula are again arranged in infl( 
, qnently corymbose with centrifugal order of 
fwm of the receptacle is' an important charaeti 
the genera (flat, convex, conical), and also tb 
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^ A.rAGUET.del ^ ^ 

Fia ms. — Calendula arvends- 

0 viewer; D ^-flower; Ethe sta 

are at tlie circumference, 
^-flowers at the edge 
flowers in some genei 
dioecious. 

There is no trace of 
which they generally s 
is very varied. The 
cnshion-lihe structure, 
corolla ; the 5 corners, 


.icanitulum; B capituiam in tuiisu.uu...- . 

“apiUca with ripe fruite, « npo tru.t. 

and the 5 

lid ^-dowers in the centre. The raj- 
■a are nenter (e.g. Centaurea). Some are, 

an epical jx (in contrast to the 
;o resemble).. The formation of ca ^ 

, calyx always consists of a very small 
most frequently developed later than the 
norresnond to the 5 sepals, m a few 



djcotyledones. 


instances are raised as 5 large, flat, membranous bodies, 6 , 9 . in 
species of Xeranfhemmi, Gatananche, Sphenogyne, etc. ; m other 
instances each of these bears a shorter or longer bristle on its 
apex followed by others in rather uncertain numbers and with 
but slight indications of order, on the edge and on the outer side 
of the calyx between the 5 points ; in other instances, again, the 
calvx is covered with bristles and hairs without any indication of 
order or definite number (Fig. 606 a, h) ; finally instances occur 
in which the edge is raised as a membranous collar, irregularly 
toothed and notched, or divided into small scales. Theie aie 
naturally differences in the means of distribution corresponding to 


Fig. 606 .— a Fruit of Taraxacum; h of Senecio; c o^Biclens, 

the differences in structure of the calyx. The fruits a and h re- 
presented in Fig. 606 are distributed by the wind, those like c, on 
the other hand, by attaching themselves to animals and human 
beings. The rays of the pappus are termed rough when special 
cellsV'oject a beyond the surface, but if the.-e grow out, and 

are hairdike, the pappus is said to be feathery. In some genera 
the pappus is raised on a long stalk, which is developed from the 
upper part of the fruit, and termed a heal (Fig. 606 a). The 
pappus does npt attain, its full development till the ripening of 
the fruit, i.e. until it is about to be of use. 

: ■ . The oOEOLlJi. has yarious forms : (a) hiihular (Fig. 605 I)), with a 



Wig. rny.-^-Centauvm cyanus: 
A the aixther*tube (.-fc) with the 
crescentic curved filament l^e- 
fore irritation; g the stylo; h 
the base of the corolla; B the 
same after irritation, the an- 
thers are drawn farther down. 
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shorter or longer tti be, not always of the same bore thronghont 
and especially slightly widened at the top to form a bell-shaped 
opening, with 6 regular teeth.: (h) lahiate after f, Le. with 2 
petals in the upper and 3 in the under lip ; (c) lignlate, ie. the 
corolla is split for a considerable distance on the posterior side (as 
ill the Labiate genus Temrium) and prolonged into a long, strap- 
like portion (Fig. 609 il), which projects upwards. A distinction 
must, however, be drawn between the true and false ligiilate 
corolla. In the first case the corolla has 5 teeth at the apex (Fig. 
609 A) and is made up of all the petals of the corolla united 
together ; this is the usual condition in the Ligtdale-flowered. In 
the latter case (Fig. 605 G) the tongue has only 3 teeth (or is 
more irregularly 2-3- dentate), and is only formed of 3 petals; 
the corolla is then truly bilabiate, the tongue is the large under lip, 
and the upper lip is very slightly developed, or even at an early 
stage quite suppressed. This false “ligulate” corolla is found 
among the ray-floivers ; sometimes the upper lip is seen quite 
plainly, e.g. in Tagetes^ especially in the double capitula. The 
VENATION of the corolla is peculiar ; there are always commisural veins which 
•branch dichotomously at the angles between the teeth of the corolla, and send 
a branch into the edge of the two nearest teeth. The midrib is freiiuently 
absent, but may be present, and then it has sometimes no connection with the 
other veins of the corolla. 

The STAMENS are attached to the corolla, and have free 
filaments {Bilyhum has united filaments), but the anthers, which at 
first are free, adhere together and form a tube (Fig. 605 B : only 
Amibrosieee have free anthers). The connective is generally pro- 
longed, and protrudes above the anthers 
as a thin, brown membrane of various 
forms (Fig. 605 U) ; appendages of 
various forms may also be found at the 
base of the anthers. The anthers open 
introrsely, and the pollen must be carried 
out at the top of the tube by upward 
growth of the style, and by means of the 
‘^stylar-brush” (Figs. 607, 608, 609) ; the 
filaments are sometimes sensitive (e.g. in 
the Corn-flower, Fig. 607), and shorten 
on being touched, so that the anther-, 
tube is pulled downwards, and the pollen 
swept out at the top (Figs. 607^ 608 
A,]]). 
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The STYLE divides at the apex into two branches (Figs. 609, 610), 
nf which fi'enerally bear on the inner surface two lines of 


Fi€f. 609— Leontodon autumnaU: A 
ligulate fioveerj B extremity of the 
style with stylar-brush (a), stigma (b) 
and pollen-grains (c). C Centaur ea 
cyanus. 


Fig, 610 . — Achillea millefolium. 

This form is characteristic of the OkJioriece (Fig. 600 A B), 
uniformly cylindrical; the. branches are long, cylindrical or 
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not rolled back, with fine hairs externally, the stigmatic lines do not reach 
beyond the centre, and do not meet together. Characteristic of Eupatorium, 
Petasites, Tmdlago, C. The style is thickened beneath the stigmatic branches 
in the form of a knob, or very hairy (Fig. 609 C}.; the stigmatic lines reach as 
far as the apex of the branches and then converge ; sometimes the stigmatic 
branches are united as far as the apex. Characteristic of the Uynarece. D. 
The stylar branches are lanceolate, or linear, pointed ; externally fiat and 
thickly covered with hairs in the npper portion; the stigmatic lines cease 
where the hairs commence externally. Characteristic of Aster, IklUs, Inula, 
Dahlia, etc. E. The stylar branches are linear, with long, brush-like hairs at 
the apex, where they are either abruptly cut off or prolonged into a very hairy, 
conical appendage ; the stigmatic lines are broad, reach as far as the brush-like 
hairs, and do not meet together (Fig. 610). Characteristic of Scnecio, Helinn^ 
thus, Xanthium, Gnaphalinm, Artemisia, Anthemis, and others related to these. 

A ring-like nectary is found round the bUvSe of the style. 

The thin- walled cypsela (Fig\ 606), with seeds fitting closely to 
the pericarp, has many different forms (smooth, ribbed, spined, 
etc.) ; its point of attachment generally lies at the lowest end 
but sometimes it is drawn obliquely up the side {Gentaurea, etc.). 
The calyx, persistent on the apex of the fruit, has been described 
above. Some genera have two or three different forms of fruits in 
each capitulum. — The embryo is straight, with the radicle turned 
dowmoards, and iviihout endosperm, but is rich in oil. 

The variously flowered capitula, whose normal tubular disc- 
flowers have been changed to ligulate flowers, may be termed 

double flowers.” 

The relationship of the Composite to the Campannlinss has been described 
above (page 561) . The alliance with the Bipsacacete is more ai)parent than 
real. Similar capitate inflorescences also occur as the final stage in other lines 
of descent, as in Eryuffium among the Umhellijerce. 

I, Cynareae, Thistle Group. Flowers all regular, with 
tubular corollas. The receptacle is covered with numerous hrisfles, 
which surround the flowers without any definite order, or the 
edges of the grooves in which these are placed have a well-marked 
fringe. The involucral leaves are numerous, imbricate, and are 
either prolonged into a thorn or terminate with a memhranons 
edge. The style has been described on page 568 (Fig. 609 (7). 
DTearly all have a hairy or feathery pappus. The filaments are 
sensitive. 

Gardum (Thistle) ; capitula ovoid ; involucral leaves compact, 
imbricate, writh thorny points ; the pappus-rays are hairdike and 
united at the base by a ring (Le. the calyx), and fall off together. 
— Cirsium (Fig. 608) has a feathery pappus, in other respects it 
is like Oarduus. C. arvense reproduces and, passes the winter by means of 
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sucl-ers.-CVnara ( Artichoke) lias a feathery pappus and large, 
soUtanj capitulum, with broad involiicral leaves; these have a 
fleshy base like the receptacle (edible).— has united fila- 
ments. S. marianu™ (Milk -thistle), has leaves with numerous spots 

Oiiopordon (Cotton-thistle). Giiicus {0. henedieUis) has a large, many-spmed 
thorn on the involucral leaves ; pappus trimorphic.— Lappa (Burdock) is 
easily recognized by the hoohed involucral leavos, which assist m the 
distribution of the fruit; in this respect it differs from the other 
inflorescences, and also in the fact that the pappus is short, and 
quickly falls oS, without serving as a means of distribution.— 
Carlina ; the external involucral leaves are leafy, thorny, with branched or un- 
branched spines standing straight out or bent backwards; the intmial ones arc 
dry, and prolonged as dry, coloured, radiating scales. The well-developed 
bristles on the receptacle and edge of the calyx are deeply defy and lohed. 
—Cmtaurea (Knap-weed, Fig. 607). The ray-flowers are neuter, 
and generally larger than the disc-flowers; the involucral leaves 
ai'e regularly imbricate, but are frequently provided at the apex 
with a dry, chaffy, often lobed, fringed appendage. The attach- 
ment of the fruit" is lateral. Serratula (Saw-wort).— Cartknmas, the 
outer and inner involucral leaves differ very much. — Echwops (Globe- thistle) 
is characterised by having “ compound capitula,” i.e. there is only 
one flower in each capitulnm, but many such capitula are collected 
into a spherical head, which at the base may also have a few 
involucral leaves. The individual capitula have narrow, linear 
involucral leaves. (There are altogether about 150 species of CompositiB 
with 1-flowered capitula, all from warm countries.)— Xeranihemim, Siaelte- 

linn^ Jurinea, Saussuo^ea, etc. 

2 . Mutisiem, Labiate-flowered Group. Tropical (S. American) forms 
whose zygomorphic flowers have a bilabiate corolla (|). The involucre is 
nearly tlie same as iu the Thistles. 


“ ■ 3. Cichorieae, Chicory Group (or LiGULiFbOK®). The flowers 

are all ^ and have a Ugulate, ^-dentate corolla. The stylar branches 
are thin and prolonged (Fig. 609 B). Laticdferous vessels occur in 
the majority (in this feature they resemble the Lobeliace® and 
Campanu lace ge). 

A. The pappus is wanting, or it is scale-Uke, but not long and 
ha.irj.—Cicliorium (Ghicory) ; capitula with blue floiaers, borne 
singly or a few together in the leaf-axil ; there are two whorls of 
iuTOlucral leaves, aa outer one of short and radiating, an inner 
of more numerous, longer and erect leaves ; pappus, scale-like. 

..i Lapsana (Nipplewort). The few involucral leaves are nearly 
■ of the same sfee,, and, .persist forming a sort of capsule round the 
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fruits, whicli are entirely witlioiit a pappus. There are only a few 
flowers in the small eapitula. — Arnoseris (Swine’s - succory), 
CatanaucJie, etc. 

B. The pappus is long and hairy (not branched), generally 
fine and snowy-white. There are no scales on the receptacle. The 
two genera first considered have heahed traits. --Tammami (Dan- 
delion) (Fig. GOB a ) ; the eapitula are many -flowered, and borne 
singly on the top of a leafless, hollow stalk.— (Lettuce) 
has many small, few-flowered eapitula borne in panicles.-~-(7rep/^^ 
(Ha'wksbearcl) . — Eieracium (Haw^k-weed) has many imbricate 
involucral leaves, and a stiff, brittle, brownish pappus. — Souchns 
(Sow-thistle); the eapitula, when a little old, have a broad base, 
and are abstricted above in the form of a jng; involucral leaves 
imbricate ; the fruit is compressed, without a beak, ridged. The 
soft, white pappus falls off collectively. 

C. The pappus is / eathery and branched; no scales on the recep- 
tacle. — Tragopognu (Goat’s-beard) generally has 8 involucral leaves 
in one whorl. The fruit has a long beak; the rays of the pappus 
are interwoven in the form of an umbrella. — Scorzonera has fruits 
like the preceding, but almost without any beak; involucral leaves 
many, imbricate. — Leontodon (Hawkbit) has a slightly feathery 
pappus, rays not interwoven ; beak absent.— Puw. 

D. Long, chaff-like, deciduous scales on the receptacle; pappus 
feathery. — Hypochceris (Cat’s-ear). 

4. Eupatoriese, Hemp-agrimony Group. All the flowers 
are most frequently ^ ; corollas tubular and regular; tbe in- 
volucral leaves are not stiff and spiny ; the Z’eceptacle is not 
covered with stiff bristles. The stylar branches are long, club- 
like, or gradually tapering. There is no swelling below the 
stigma. 

Eupaiorium (Hemp-agrimony); all the flowers are 5'. — Eefasites 
(Butterbur) ; ray-flowers ? , disc-flowers ^ or (J ; sometimes 
dicjecious. Capitula in racemes or panicles. The leaves develop 
after the flowering. — TussilagoiT. fatjara, Colt s-foot) has a soli- 
tary capitulum borne on a scaly, scape-like stem; the ray- 
flowers are $ with lignlate corollas, disc-flowers cJ . The leaves 
unfold after the flowering. Ageratum^ Mikania^ Vernonia. 

5. Astere^, Aster Group (or Badiatji, Eay-flowered). The 
flowers are of two forms and different sexes; the ray-floweis 
are ? (sometimes neuter), most frequently with irregular, 

Ugtdate, radiating corollas ; the diso-fiqwers are ^ , regular, with 
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tubular corollas (Fig. 610). Some 
present, as e,g. in Senpcio vulgaris 
of the capitulum is then as in 
branches are straight, more or less 
A. AN'rHEMiiiE*E. Involncral lei 
branons at the edge; pappus tmni 
margin to the calyx, but without ha 
b. CJia^ff-like bracts on the recc 
(Chamomile), Anacychis (J.. officinar 
Saidollna^ etc. 

ff, A ‘naked receptacle is 
(Daisy) has solitary capitula on 
flo wers. — 2Latrl caria 
(.1/. charnomiUa has a very 

less capitula, and the receptacle is not hollow.) 


found in _ _ 

leafless stalks with white ray- 
(Wild Chamomile) has a conical receptacle, 
high, hollow receptacle ; M, inoclora has large, odour* 
GhrysantTiemum (Ox- 

eye) most frequently large, sditary capitula; flat receptacle — 

Pyretliriiyn; pappus scanty. 

(Tansy) and Artemisia ( 

B. KEUk^'mEM. Most frequently 
found on the receptacle. The pappus 

consists of scales, spines, etc., a 

compressed (Fig. 606 c) 

(Jerusalem Artichoke) has tuberous 
has tuberous roots (Am.). . 

fruits are compressed with 
rehexed barbs. — Galliopsis; 
involucral leaves, and yellow, 

Galin-soga^ llelampodiam, Silph 
Gaillardia. 

C. Calenduleji have 1-2 rows of involncral leaves, a naked 
receptacle, and large, crescent-shaped, irregularly wanted fruits, 
of different forms in the same capitulum; pappus absent (Fig. 
eQ5).—Galendula (Marigold); ray-flowers ?, disc-flowers c?- 

D. Senecionej), have a fine, hairy, white pappus; no bracts, 
otheiwdse as in Anthemidese. The involncral leaves are most 
frequently in 1-2 rows. — Senecio (Groundsel) has two whorls 
of involncral leaves, which most frequently have black tips, the 
external being much shorter than the internal ones {S. vulgams 
has all flowers ^ and alike).— OacaZm, Doronicmn, Ginerana, 
Jjiqularia, Arnica (A. moniana ; large, long-stalked capitula ; leaves 


■ — With these are classed TamaceUtm 
(Wormwood) with tubular corollas only. 

a bract to each flower is 
is never exactly hairy, but 
and the fruits are most frequently 
■Helianthus (Sun-fiower) ; H. tuherosus 
\ underground stems. Dahlia 
Bidens (Bur-marigold, Fig. 606 a) ; the 
2 (or more) spines provided with 
Budhechia; Zinnia; Tagetes has united 
transparent oil-glands. Spilanthes, 
kmm (Compass-plant), Helenumit 
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E. Astebejb liave a bristle-like, unbranclied pappus, often of a 
dingy brown ; receptaele naked ; involucral leaves numerous, im- 
bricate.— (Q-olden-rod) ; capitula small, yellow-tiowered, 
borne in panicles. Aster; disc-flowers most frequently yellow, 
ray-dowers violet ; Callistephtis; Erigeron (Flea-bane)— 

All the coz’ollas are tubular in : Gnaphalmm (Cud-weed) ; involu- 
cral leaves dry, rattling, often coloured; the foliage-leaves and 
stem often white with woolly hairs ; ray-flowers ? , with narrow, 
tabular corolla; disc-flowers g (few). Antennaria (CatVfoot ; 
dioecious), EilagOi EaUchrysum., Ammohum, Modanthe and others. 
Leontopodium (L, aJphmm, “ Edelweiss ”). 

F. AMBBosiBiB, a very reduced type of Oompositae, differing from the others 
in having free anthers ; the capitula are generally unisexual, moucecioas, the $ 
borne in a terminal inflorescence, the $ in the leaf-axils. lu other respects 
they are most closely related to Eeliantbeas.—’Xanihmm. In the -capitula 
there are many flowers without calyx, but with tubular corolla and free invo- 
lucral leaves. In the ? -capitula there are only 2 flowers, which are entirely 
destitute of both calyx and corolla ; involucral leaves 2-spined, united to form 
an ovoid, bilocular envelope, each compartment containing one flower. The 
envelope of involucral ieavt-s unites with the fruits, enclosing them at maturity 
with a hard covering from which numerous hook dike spines project, assisting 
very greatly in the distribution of the fruit. The whole structure thus finally 
becomes a 1- or 2-set ded false nut.— -Arfl&rosia, the ? capitulmn 1-flowered. 

Pollination. The flowers are somewhat insignificant, but become very con- 
spicuous owing to a number being crowded together in one inflorescence. The 
corollas of the ray-flowers, being often very large (Asterece; Ceutaumt)^ fr<- 
quently render the capitula still more conspicuous. The capitula display many 
biological phenomena similar to those often shown by the individual flowers in 
other orders, e,g. by periodically openiiig and closing, in which the involucral 
leaves resemble the calyx in their action. (The name * ‘ CompositsB ” originates 
from the term “ flos compositus,” composite flower). An abundance of honey 
is formed, which to some extent fills up the corolla-tube, and since insects may 
visit a number of flowers in the course of a short period tliey are very fre- 
quently visited, especially by butterflies and bees, Tbe pollination has been 
described on page 567 . Protaudry is universal. In the bud the tips of the 
styles, covered by the sweeping-hairs, lie closely enveloped by the anther-tube ; 
in the next stage the style grows through tbe tube and sweeps out the pollen as 
it proceeds ; ultimately tbe stylar branches expand and the stigma is then pre- 
pared to receive the pollen. In many, the sensitiveness of the filaments assists 
in sweeping out the pollen at the exact moment of the insect visit. Begular 
self-pollination is found e.g* in Seu^cio rulgaris; wiud-polH nation e,g. in 
Artemiaia and tbe plants related to it. 

This extremely natural and well-defined order is the largest (and no doubt 
one of the youngest?) ; it embraces 10-12,000 known species (in /70 genera), or 
about one-tenth of all Flowering-plants'. They are distributed over the whole 
globe, but are most numerous in temperate countries ; the majority prefer open 
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spaces ; a smaller number are forest-forms. They abound especially in open 
districts in America. 

Among the substances frequently found may be mentioned : Inulin (especially 
in the subterranean parts), Bitter materials, Tannin, volatile oils, fatty oils in 
the fruits. Medicinal: * “Herba” of Artemisia absinthium (Wormwood) and 
muritlmaf (Sea- worm wmod), Achillea millefolium \ the leaves of Cniciis benedictiis 
and Tussilaqo farfara ; the unopened ca}ntula of Artemisia maritlma, var. stech- 
manniana; th.Q oapituhi of Tanacetitin, Matricaria chanioinilla^ (wild Chamomile), 
Anthemis noUlisi (common Chamomile) ; the separate flowers of Arnica ; the 
roots of Arnica montanaf^ Taraxacum officinale\, Anacyclus Lappa 

■major, minoi\ nemorosa Bind, tomentosa. Inula helenium and Arte.mida rulyaris'; 
the latex of Lactuca virosaf. The following are cultivated for food : — Lactuca 
sativa (Lettuce), Cichorium endivia (from E. Asia, for salads), Cynara scolymus 
(Artichoke, Mediterranean), Scorzonera hispanica (S. Eur.}, Ilelianthns tuherosus 
(Jerusalem Artichoke, from N. Am., introduced into Europe 1616), Cichorium 
intijhus (roots as “chicory,”) Tragopoyon porrifolium (Salsafy), Artemisia dra- 
cunculus. Oil is extracted from the following (the seeds) : Helianthus annuus 
(Peru), Madia sativa [Chili), Guizotia (Abyssinia). Dyes from : Car- 

thamiLs tinctorius (Safflower, used in the preparation of rouge; Egypt), Serratula 
tinctoria. Insect-powder from: Pyrethriim cinerariifoHum (Dalmatia) and 
roseum (Persia, Caucasus). The following are cultivated in houses and gardens 
for the sake of their scented leaves: — Tanacetum halsamita (Balsam), Aide- 
muia ahrotannm (Southernwood) and A* argentea. A great many of the genera 
enumerated are cultivated in dwelling-houses for the sake of the flowers ; 
e.g. Pericallis cncenta (generally termed “ Cineraria ”). Asteriscus pygmmus is 
supposed to be the genuine “ Rose of Jericho ” ; the involucral leaves envelop 
the fruits after their ripening and keep them enclosed for 8-10 months until 
rain occurs. 


Those marked with a t are officinal. 



appendix on the classification of 
PLANTS. 


By M. C. potter. 

The earliest systems of classification were derived from the 

Lpovte ...a ..es of plootSi ood it »ot o.til »m. -o 

cenLries ago that any scientific gx’onping of plants was attempted. 
Aristotle and Theophrastus had adopted the groups of 
ttata la H»bt i the chief di,-eneot the Vege.oU, 
dom a system which persisted and was employed by iournefuic 
andRa/as late as the end of the 17th century. The arrange- 
ment by which these three divisions were separated into smalki 
divisions was often founded upon a single character such as the 
f^ation of the corolla, the form of fruit, that of the calyx and 
corolla etc. All these systems of classification which brought 
into close proximity plants distinguished by some one character 
alone could only be considered as artificial, since plants related 
te Inother would not necessarily be included in the same group. 
As the knowledge of the morphology, physiology, and reproduction 
■f inTits increased such systems were recognised as unsoientihc, 
^ .7 'i- became the aim of botanists to establish a natural system, 

funded upon mutual relationships, which would associate together 

only those plants which ^ classification 

The following are ^XmenTof the natural system, 

■whicb. will sbow tbe gi^ <,« nf fln’q fpxt-book.^ 

and may be of service to students making u 

System of John Ray (1703). 

I. Herbse. 

A. IMPERVEOT* (Flowerless). 

B. PifiBFECTiE (Flowering). 

X)icotyledones, 

Monocotyledones. 

IL Arbores. 

■ A. Monocotyledones. 

B Dicotyledones. 
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System of Linn J3US (1738). 

In liis well known artificial system LinnjBus divided the ^ ege- 
table Eiiiig'doni into twenty-four classes, based upon the numbei , 
relative position and union of the stamens with regard to each 

other, and also to the gynceceum. 

Class I. Monandeia. Flowers with 1 stamen. 

11, Diandeia. „ ,, 2 stamens. 

,, III. TbIANDBIA. }, jr ^ »» 

,, IV. Teteanubia. „ „ 4 

Y, Pentandeia. ,, ,, 5 ,, 

,, VI. Hexandria. ,, ,j 6 jj 

,, VII. Eeptandbia. ,, ,, 7 ,, 

„ VIII. OCTAXDBIA. ,, » 8 ,, 

„ IX. Enneandbia. „ „ 9 „ 

,, X. DeCANDBIA. ,, n 10 ,, 

,, XL Dodecandbia. ,, ,, 11 to 19 stamens. 

XII. Icosandbia. „ „ 20 or more stamens inserted or 


XIII. POLVANDBIA. 


XIV. Didtnamia. Stamens didynamous. 

XV. Teteadynamia. „ tetradjnamous. 

XVI. Monadelphia. Filaments united into 1 bundle. 

,, XVII. Diadelphia. m » 2 bundles. 

XVIII. POLYABELPHIA. „ n » Several bundles. 

XIX. Syngenesia. Anthers united together. 

XX. Gynandbia. Stamens and pistil united. 

XXL Monobcia. Flowers diclinous, a^nd ? on the same plant. 

XXIl. Bkecia. „ „ and ¥ on different plants. 

” XXIIL POLYGAMIA. 3’, ¥ -, and § -flowers on the same plant. 

XXIV. Cbyptogamia. Flowerless plants (Ferns, Mosses, Algie, Fungi). 

These classes were further divided into orders, according to the number of 
styles, as Monogynia, flowers with 1 style ; Digynia, with 2 styles, etc. Thus 
a Dock {Rumex), having 6 stamens and 3 styles, would be placed in Class VI., 
Hexandria, and Order HI., Trigjnia. 

Class XIV. was divided into two orders. Order I., Gymnospermia, with seeds 
apparently naked, comprising the Labiatas ; and Order II., Augiospermia, with 
the seeds enclosed in a capsule (Bartsia^ Rhiiianthiis). 

Class XV. was divided into two orders : Order I., Siliculosa, fruit a silicula 
(Capsella); and Order IL, Biliquosa, fruit a siliqua (Brassica). 

Class XIX. was divided into Order I., JSqualis, all the flowers perfect 
{Sonchm ) ; Order II., Superflua, flowers in the centre perfect, those at the 
circumference with pistils only (seemingly superfluous), e.g. Aster ; Order HI., 
Frustranea, flowers in the centre perfect, those at the circumference neuter, 
e.g. Qentaurea. 

‘‘Fragments’* of .a natural system have also come dowm to us from Linnieus, 
who himself always recogmsed. the imperfection of his artificial system. 
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System of Antoine Laurent de Jussieu (1789). 

Acotyledones. Plants without cotyledons : Fungi, Ferns, Mosses, 
Algsa, Naiades . . . 

Monoctyledones. Plants with one cotyledon 

1. Stamens hypogy nous 

2. ,, perigynous . . , . • - . - 

3. „ epigyiious . . , • • • 


Dicotyledones. Plants with two cotyledons: — 
^ Stamens epigynous 


1. Apetal.«i 


\ 


2. Monopetal.® 


3. POLTPETAL® 


perigynous 
hypogynous 

Corolla hypogynous , 

I „ perigynous . . 

I . f anthers connate 

. » epigynous, I 

: Stamens epigynous 

„ hypogynous . » 

t „ perigynous 


4, Diclines irbegulares, male and female dowers on different 
corolla generally absent. 


Class 

L 


ir, 

in. 

IV. 


V. 

VL 

VII. 

Till. 

IX. 

X. 
XL 

XII. 

XIIL 

XIV. 

plants, 


System of A. P. pe Candolle (1819). 

I. Vasculares. Plants with vascular bundles. 

1. Exogen JE. Vascular bundles arranged in a ring. 

A. Diplochlamydece* Calyx and corolla present. 

a. ThalamiflorfP. Corolla polypetalous and hypogynous. 

b. Calyciflorse. Corolla perigynous or epigynous ; stamens 

inserted on the calyx* 

c. CoroUiflorffi. Corolla gamopetalous ; stamens iuserted 

on the corolla. 

B. Monochlamjdece, Perianth simple. 

2. fiNPOOENiE. Vascular bundles roattered, the youngest in the 

centre. 

A. Phanerogamce, Flowers present. 

B. GT]j]}to(jo>ni&!f Flowers absent. 

11. Cellulares. Vascular bundles absent. 

1. Foliage®. Leaves present. ' , 

2. Aphyll®. Leadess.. 
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Robert Brown published in 1827 his discovery of the gymno- 
spermy of the ovules of the Conifer® and Cycade®, and showed 
that the Gvinnosperms, which had previously been classed with 
the Dicotyledons, ranst be regarded as an independent gi’oup. 


System of Stephen Endlichee (1836-40). 

I. Thallophyta. No differentiation into stem and root. 

1. Peotophyta. Class I., Algas ; Class II., Lichenes. 

2. Hysteeophyta. Class III., Fungi. 

II. Cormophyta. Differentiated into stem and root. 

1. Acboerya. Stem growing at tlie point. 

Aiwphyta (Hepaticse, Musci). 

Protophyta (Filices, etc.). 

Hysterophyta (Balanophorese, etc.). 

2. Amphibeya. Stem growing at the circumference (Monocotyle- 

dons). 

3. Acbamphibrya. Stem growing both at the point and circum- 

ference. 

Gymiosiperma {ComteTse)» 

Apetala. Perianth single or absent, 

Gamopetala. Petals gamopetalous. 

Dialypetala, Petals polypetalous. 


System of A. Brongniart (1843). 

I. Cryptogamse. Plants without flowers. 

1. AMPHiGENiE. Not differentiated into stem or leaf (Alg^, Fungi, 

Lichenes). 

2. AcEOG]^iE. Plants with stem and leaf (Muscineie, Filicinae). 

JI. Phanerogamse. Plants with flowers. 

3. Monocotyledones. 

а. AlbuminosaB. Seeds with endosperm. 

б. Exalbuminosffi. Seeds without endosperm. 

4. Digotyledones. 

a. Angiosperma3, 

a. Gamopetalsg. 
jS. bialypetalsB. 

b. Gymnosperm«e, 
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I. 

II . 


System of John Lindley (Vegetable Kingdom, 1845). 

Asexual, or Flowerless Plants. 

Stem and leaves undistinguisliable 
Stem, and leaves distinguishable .... 

Sexual, or Flowering Plants. 

Fructification springing from a thallus . 

Fructification springing from a stem. 

Wood of stem youngest in tlie centre; cotyledon 
single. Leaves parallel- veined, permanent ; wood 
of stem always confused . . . , . 

Leaves net-veined, deciduous; wood of the stem, 
when perennial, arranged in a circle with a 

central pith . • * 

Wood of stem youngest at the circumference, always 
concentric; cotyledons, 2 or more. 

Seeds quite naked 

Seeds inclosed in seed-vessels - 


Thallogens. 

Acrogens. 


III. Rhizogens. 

Endogens. 

Y. Dictyogens. 


Gymnogens. 

Exogens. 


System of Alexandeu Bbaon (1864). 

I. Bryophyta. 

1, Thallodfa (Algse, Fungi, Lichenes). 

2. THALLOPHYnLODEA (Charas, Mosses), 

II. Cormophyta. 

1. Phyllopteeipes (Ferns, Equisetums). 

2. Maschalopteeides (Lyeopods). 

3. HypBOPTERinES (Water-ferns). 

III. Anthophyta. 

GVMNOSPEEMiE. 

1. Frondosa (Cycadeae). 

2. Acerosce (Coniferfe). 
Angiospeemje. 

1. Monocotyledojus, 

2. Dicotyledones. 

Apetalce. 

Sympetalce. 

EleutheropetalsB. 


phylogenetic connection existing betw 

Cryptogams and Phanerogams. 
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System of Hookee and Bentham (Genera plantarum, 1862-1883). 


DICOTYLEDONES. 


I. POLYPETAL^. 


Series I. Thalatniflorae. Calyx most often free from the ovary. Petals 
uniseriate or often 2-Oo.seriate. Stamens co or definite, inserted on the recep- 
tacle, often small, or raised, or stipitate. Ovary most frequently free. ^ 
Cohort I. E.vnai,es. Stamens oo, or if definite the perianth is 3- cc-sermte. 
Carpels apocarpous, or immersed in the receptacle. Endosperm usually abun- 
dant, fleshy. 


Order 1. Eaniineulaceae. 
,, 2. Dilleniacese. 

,, 3. Calycanthaceffi. 

4. Magnoliaceee. 


Order 5. Anonacess. 

„ 6. Menispermaceae. 

,, 7. Berbeiidese, 

„ 8. Nymplieeace^. 


Cohort n. Pabietales. Stamens oo or definite. Ovary unilocular, or divided 
into loculi by spurious dissepiments, with parietal plaoentation. Endosperm 
absent or fleshy. 


Order 14. Cistineas. 

„ 15. Violarieee. 

,, 16. Canellacese. 

,, 17. Bixinese. 


Order 9. Sarraceniace^. 

„ 10. Papaveracese. 

,, 11. Crnciferse. 

„ 12. Capparidese. 

,, 13. Besedacfcse. 

Cohort III. PoLYGALiN.®. Stamens definite. Ovary usually perfectly or im- 
perfectly bilocular. Micropyle often superior. Fruit very often compresset 
laterally. Endosperm very often abundant and fleshy. 


Order 18. Pittosporese. 
,, 19. Tremaudrese. 


Order 20. Polygaleae. 

„ 20a. Yocbysiaceae. 


Cohort IV. CAEVOPHYLLiNEiE. Stamens definite, 01 ’ rarely CO. Ovary uni o- 

cular, or imperfectly septate. Placenta central, more rarely parietal. Micropyle 
infeiior. Embryo curved, rarely straight. Endosperm farinaceous. 


Order 21. Frankeniacem. 
„ 22. Caryopbylleaj. 


Order 23. Portulacese. 

„ 24. Tamariscineae. 


Cohort V. GcTnntBALEs. Sepals inbricate. Stamens usually oo. Ovary 
septate, plaoeot* on the inner angles of the loculi. Endosperm absent or 

' ‘^eshy. 

Order 25. Elatine®. I Order 28. Ternstrmmiaceaj. 

„ 26. Hyperioinese. .. 29. Dipteroearpe«. 


SO. OhlsenaceaB. 
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Cohort VI. Malvales. Sepals valvate. Stamens usually OC' or mona- 
delphous. Ovary septate, placenta} on the inner angles of the loculi. Endo- 
sperm absent or fleshy. 

Order 31. Maivacese. 

,, 32, Sterculiaceee, 


Order 33, TUiacese. 


Order 40. Simarubese, 

„ 41, Oehnacesa. 

„ 42. Burseracese. 

„ 43. Meliaceas. 

,, 44. ChailletiaceaB. 
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Cohort XT. Bosales. Carpels solitary, or free, or united at the base, more 
rarely at the apex ; styles distinct, or very rarely united into a column, and 
easily separated. 

Order 61. ProseracesB. 

„ 62. Hamamelidese. 

,, 63. BruniacesB. 


Order 56. Connarace®. 

„ 57. Leguminosge. 

„ 58. EosacesB. 

„ 59. Saxifrageee. 

„ 60. Crassulaceae. 


64. Haloragese. 


Cohort XII. Myrtales. Ovary syncarpous, inferior, or enclosed in the 
calyx-tuhe, usually divided into loculi ; style undivided. Ovules 2-co in the 
loculi. 

Order 68. Melastomaceje. 


Order 65- Bhizophorese. 
,, 66. Comhretacefe. 

,, 67. Myrtacese. 


69. Lythrarie®. 

70. Onagrariese. 


Cohort XIII. Passiflorales. Ovary syncarpous. inferior or superior, en- 
closed in the calyx-tube or exserted, unilocular "with parietal placentation, or 
divided into loculi ; styles distinct, one style divided, or undivided. 


Order 71. Sarny dacege. 

,, 72. Loasege. 

„ 73. Tiirneraceae. 

„ 74. Passifiorese. 


Order 75. Cucurbit acese. 

76. BegoniaceiB. 

77. Batiscese. 


Cohort XIY. Ficoi3>ales. Ovary syncarpous, inferior or superior, divided 
into loculi with sub-basilar placentae, or more rarely unilocular with parietal 
placentae. Stydes distinct, or divided at the apex. Embryo curved ox excentrie. 

Order 78. Cacteae. 1 Order 79. Eicoidese. 

Cohort XY. Umbellales. Ovary syuicarpous, inferior, crowned by the disc, 
divided into loculi, or unicarpellate. Styles distinct or divided at the apex. 
Ovules solitary and pendulous in the loculi. 

Order 80. Umbelliferge. I Order 82. Cornaceie. 

„ 81. Araliaceas. 


II. GAMOPETALiE. 

Series I. Inferse. Ovary inferior. Stamens equal to the lobes of the 
corolla, rarely fewer. 

Cohort I. Bubiales. Stamens adnate to the corolla. Ovary 2-oc-locular, 
loculi l-oc-ovuled. 

Order 83. Cai>rifoliacesB. 1 Order 84. Bubiacese. 

Cohort II. Astebales. Stamens adnate to the corolla. Ovary formed of 
2 carpels, unilocular and 1-ovuled. 

Order 85. Yaleriane®. 1 Order 87. Calycereaa. 

„ 86. Bipsacege, 1 „ 88. Compositse. 
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Cohort III. Campanales. Stamens generally free from the corolla. Ovary 
2-6-locular, loeuli most often co-ovuled. 

Order 89. Stylidieffi. | Order 91. Campanulaceie. 

,, 90. Goodenoviese. j 


Stamens equal to and opposite the lobes of the 
Ovary 2-oo-locular. Seeds few and large. Trees or 


Order 103. Styracese. 


Series III. Bicarpellat^. Ovary most often superior, 
fewer than the lobes of the corolla, and alternating witl 
rarely 1 or 3. 

Cohort VII. Genti.anales. Corolla regular. Stamens e 
the corolla, or if fewer, usually alternating with the carpels, 
opposite. 

Order 104. Oleacese. 

„ 105. Salvadorace®. 

„ 106. Apocynaceae. 

Cohort VIIL PoLEMONiALES. Corolla regular, 
of the corolla. Leaves generally alternate. 

Order 110. Polemoniacese. 

„ 111. Hydrophyllacese. 

„ 112. Boragineffi. 

Cohort IX. Peesonales. Corolla n 
stamen less than the others, more oft< 
absent. Ovary cx>-ovuled, or 2-ovuled. 

Order 115. Scrophularinesa. 

„ 116- OrobanchaceaB. 

„ 117. Lentibularieie. 

„ 118. Columelliaceje. , 


Order 107. Asclepiadefe, 

„ 108. Loga.niacea^. 

„ 109. Gentianefe. 

Stamens equal to the lobes 


Order 113. Gonvolvulacea 2 , 
114. Solanacess. 


Order 119. Oesneraeete, 
,, 120. Bignoniace^. 

„ 121. Pedalincffi. 

„ 122. Acanthaeeie. 
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ColiortX. Lamiales. Corolla most often irregular or oblique. Posterior 
stamen less than the others, most frequently reduced to a staininode or absent. 
Carpels 1-ovuled or mth 2 collateral ovules. Fruit enclosed in the persistent 
calyx, indehiscent, and with one seed, or dehiscing into 2 or 4, rarely oc, 
1-seeded nuts. 


Order 123. Myoporineas. [ 

„ 124. Selagineas. | 

Anomalous Order 127. Plantagine®. 


Order 125. Verbenacese. 
„ 126. Labiateas. 


III. MONOCHLAMYDE.®. 

Perianth simple, lobes or segments 1-2-seriate and often sepaloid, or small, 
or wanting. 

Series I. Curvembrye®. Endosperm frequently farinaceous. Embryo 
curved, excentric, lateral or peripheral, rarely straight. Ovules most frequently 
1 in the ovary, or 1 in each loculus. Flowers $ > some genera unisexual or 
polygamous. Petals very rare. Stamens equal to the segments of the peri- 
anth, rarely fewer or more. 

Order 132. Phytolaccaceae. 


133. Batide®. 

134. Polygonaceae. 


Order 128. N^-ctaginese. 

„ 129. IllecebraceaB. 

„ 130. Amarantacese. 

„ 131. Chenopodiace®. 

Series 11. Multiovulat® Aquatic®. Aquatic herbs, submerged, 
syncarpous ; ovules numerous in each loculus or on each placenta. 

Order 135. Podostemaceae. 

Series III. Multiovulat® Terrestres. Terrestrial trees or shrubs, 
syncarpous ; ovules numerous in each loculus or on each placenta. 

Order 13G. Nepenthacese. I Order 138. Aristolochiaceae. 

„ 137. Gjtinacese. 1 

Series IV. Micrembrye®. Ovary syncarpous, monocarpous, or apocarpous. 
Ovules generally solitary in each carpel, rarely 2 or few. Endosperm copious, 
fleshy, or rarely farinaceous. Embryo very minute. 


Ovary 


Ovary 


Order 139. Piperacese. 

,, 140. Chloranthacese. 


Order 141. Myristicese. 

„ 142. Monimiaee®. 


Series V. Daphnales. Ovary monocarpous, very rarely syncarpous, with 
2-4 loculi ; ovules in the ovary or in each loculus, solitary, or in pairs. Trees 
or shrubs, very rarely herbs ; flowers generally § . Perianth perfect, sepaloid, 
1-2 seriate. Stamens perigynous, equal to the lobes of the perianth, or double 
unless fewer. 

Order 143, Laurineae. Order 146. Pen se ace®. 

„ 144. Proteacese. . „ 147. Elseagnace®. 

„ 145. Thymelaeacese, 

Series VI. Achlamydospore®. Ovary unilocular, 1-3 ovules. Ovules 
most frequently poorly developed before flowering. Seeds endospermous, 
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but without testa, either free in the pericarp or attached to its walls. Perianth 
generally perfect, sepaloid or petaloid. 


Order 148. Loranthacese. 
,, 149. Santalace®. 


Order 150, Balanophorese. 


Series VII. Unisexuales. Flowers unisexual. Ovary syncarpous or mono* 
carpous, ovules in the ovary or in each loculus, solitary, or in pairs. Endosperm 
copious, fleshy, or scanty, or absent. Trees or shrubs, rarely herbs. Stipules 
generally present. Perianth sepaloid, or minute, or absent. Style.s equal in 
number to the carpels, not rarely bifid. 


Order 151. Euphorbiacea). 
„ 152. Balanopseae. 

„ 153. Urticace^. 

„ 154. Platanacei®. 

,, 155. Leitneriese. 


Order 156. Juglandese. 
„ 157. Myricaeeie. 
„ 158. Casuarineie, 
„ 159. Cupuliferje. 


Series VIII. Ordines Anomali. Anomalous Orders. 

Order 162. lmpetrac€£B, 

,, 163. Ceratophiileie. 


Order 160. Salicineae. 

,, 161. Lacistemacese. 


Order 164. Gnetacese. 
,, 165. Coniferae. 


GYMNOSPERME.E. 

Order 166. Cycadacea?. 


MONOCOTYLEDONES. 

Series I. Microspermae. At least the inner series of the perianth petaloid. 
Ovary inferior, unilocular, with 3 parietal placentie, or rarely 3-locular, with 
axile placentation. Seeds minute, numerous, without endosperm. 


Order 167. Hydrocharide©. 
„ 168. Burmanniacese. 


Order 169. Orchidete. 


Series 11. Epigynee. At least the inner series of the perianth petaloid. 
Ovary most often inferior. Endosperm copious. 


Order 174. Amaryllideie. 
„ 175. Taeeaeeie. 

„ 176. Bioscoreaceaj. 


Order 170. Scitamineje, 

,, 171. Bromeliace^. 

„ 172. Hjemodoraceas, 

,, 173. Iridese. 

Series III. Coronarieae. At least the inner series of perianth petaloid. 
Ovary free, very rarely slightly adnate at the base. Endosperm copious. 

Order 177. Boxburghiacese. 

,, 178. Liliacesp. 

„ 179. Pontederiacese. 

„ 180. Philydracese. 


Order 181. Xyridea?. 

„ 182. Mayaceap. 

„ 181. Commelinacea?. 
„ 184. Bapateacesa. ~ 
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Series IV. Calycinae. Perianth sepaloid, small, rigid, or herbaceoas (inner 
series subpetaloid or small). Ovary free. Endosperm copious. 


Order 185. Flagellariefs. 
,, 186. Juncacese. 


Order 187. Palm^. 


Series V. Nudiflorss. Perianth absent, or reduced to hairs or scales. 
Ovary superior, carpel solitary, or if many, syncarpous, 1-oo-ovuled. Endosperm 
most frequently present. 


Order 191. Aroide®. 

„ 192. Lemnace®. 


Order 188. Pandane®. 

,, 189. Cyclanthace®. 

„ 190. Typhace®. 

Series VI. Apocarpse. Perianth 1-2-seriafce, or absent, 
solitary, or if more, ap )carpous. Endosperm absent. 


Carpels superior. 


Order 193. Triuride®. 
„ 194. Alismace®. 


Order 195. Naiadace®. 


Series YII. Glumace^. Flowers solitary, sessile in tbe axils of bracts and 
arranged in capitula or spikelets with bracts. Segments of perianth sniall, 
scale-like, glumaceous or absent. Ovary l-ovuled, or divided into 1-ovuled 
loculi. Endosperm present. 

Order 196. Eriocaule®. 


197. Centrolepide®. 

198. Eestiace®. 


Order 199. Cyperace®. 
,, 200. Gramine®. 


Classification of the Thallopliytes proposed by Sachs (Text-Book 
of Botany^ English Edition, 1882). 


Containing chlorophyll. 

Cyanophyce®. 
Palmellace® (in part). 


THALLOPHYTES. 

I A'ot containing chlorophyll. 

Class I. Protophyta. 

Schizomycetes. 
Saccharomycetes. 

Class 11. Zygosporeae, 

Conjugating cells motile. 

Myxomycetes. 


Pandorine®. 

(Hydrodictye®). 

Conjugating cells stationary. 

Conjugatffi (including Biatomace®). | Zygomycetes. 

Class III. Oospore ae. 

Sph«ropIea. ('Saprolegnie®. 

- Vaucheria . . , {Coslohlaste) 

Volvocine®. 

(Edogonie®;’ , 

■ Eucoide®,' ■. 


IPeronospore®. 
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Class IV. Carposporeae. 

Ascomycetes (including Lichens) 
Aicidiomycetes (Uredmeai). 
Basidiomycetes. 


r>H7 


Coleochsete®. 

Florideae. 

Characese. 


System of A. W. Eighlee (188B). 

A. Cryptogamae. 

I. Thallopbyta. 

1. Class. Alg^. 

1 Group. Cyanophycese. 

2 „ Diatomese. 

3 „ Gblorophycese. 

1 Series. Conjugatje. 

2 „ Zoosporese. 

3 „ Cbaraeete. 

4 Group. PhseophycesB. 

5 „ EbodopUjcese. 

2. Class. Fungi. 

1 Group. Scbizoinyeetes. 

2 „ Eumycetes. ' 

1 Series. Pbycomycetes. 

2 „ Ustilagineaj. 

3 „ jEcidiomycetes. 

4 „ Aseomycetes. 

5 „ Basidioniycetes, 

3 Group. Licbeiies. 


IL Bryophyta. 

1 Group. 

2 „ 


Hepatic®. 

Musci. 


III. Pteridophyta. 

1 Class. Equisetinjs. 

2 „ LvcoroDiN.®. 

3 ,, Filicin^. 

B. Phanerogamas. 

1. Gymno sperm®* 

2. Angiosperm®. 

Tb. .1 tk. Pb«.«og— “• 

in this book. 



;8 APPENDIX ox THE CLASSIFICATION OF PLANTS. 

Clasaification of the Thallophvtes, adopted in the 3i-d Danish 
n.8Pn. TAla-ie bv Wille; FunRi by Rostrnp (afta- 


I. DIVISION. THALLOPHYTA. 

I. Sub-division. Algse. 

1 Class. CHLOBOPHYCBiE (GrEEN AlG.’E). 

1 Family. Conjugatas. 

2 ,, Protococcoideas. 

3 „ Confervoideae. 

4 „ Siplioneee. 

5 ,, Gyropbjceae. 

2 Class. PiTJEOPHTCEiR (Brown Alg^.). 

1 Family. Syngeneticse. 

2 ,, Dinoflagellata. 

3 „ Pyritopbyce® (Diatomese). 

4 „ PhaeosporesB. 

5 ,, Cyclosporete. 

6 ,, BictyotesB. 

3 Class. Acilut.®. 

A. Sub-class. Schizophycece. 

1 Family. Myxophyceffi (Blue-Green Algae). 

2 ,, Bacteria. 

B. Sub-class. Rkodophycm. 

1 Family. Bangioideae. 

2 M Floridece. 


IS 


ir. Sub-division. Myxomycetes. 

ir. „ Fungi. 

A. Phycomycetes. 

1 Glass. OoMYGETES. 

2 „ Zygomycetes. 

B. Mycomycetes. 

3 Class. Basidiomycetes. 

A. Sub-class. FrotdbasidiomyceUs^, 

B. „ Autohasidiomycetes. 

1 Family. Hymenomycetes. 

2 „ Gasteromyeetes. 

3 ,, Basidioiichenes. 


4 Class. Ascomycktes. 

1 Family. Gymnoasci. 

2 „ Perisporieae. 

3 Pyrenomycetes, 

4 Biscomycetes. 

6 Aseolichenes. 


appendix on the CLASS! nCATION OF PLANTl>. 
stem of A. Enoler {Sijllahus der Vorlesungen, etc., 189*2). 

I. DIVISION. MYXOTHALLOPHYTA. 

Sub-division. Myxomycetes. 

1 Class. Aceasie.^5. 

2 ,, PLA.SMODIOPHO BALES. 

B ,, Mvxogasteres. 

1 Series. Ectosporese. 

2 5 , Endosporese. 

11. DIVISION. EUTHALLOPHYTA. 

I. Sub-division. Scbizophyta. 

1 Class. SCHIZOPHVCE.®. 

2 ,, SCHIZOMVCETBS. 

II. Sub-division. Dinofiagellata. 

Class. Dinoflagellata. 

1 Series. Adinida. 

2 ,j Dinifera. 

III. Sub-division. Bacillariales. 

Class. Bacill.viiiales. 

IV. Sub-division. Gamophyceae. 

1 Class. CONJUGAT.®. 

2 „ Chlorophvce.®. 

1 Sub-class. ProtocQccaJes. 

2 ,, ConfeTvales* , 

3 „ Siphone<s. 

8 Class. Charales. 

4 ,, " PHiEOPHVCE®. 

1 Sub-class. PhaosporeiE, 

2 „ Cyclo^^orea. 

5 Class. Dictyotales. 

(j Bhodophyce.®. 

I’sub-class. Bangiale!^- 
2 n Floridece. 

1 Series. Nemalionales. 

2 ,, Gigartinales. 

3 ’’ Bhodymeniales. 

4 ,, Oryptonemiales. 

V. Sub-divibion. Fungi. 

1 Class. Phycomycetes. 

1 Series. Zygomycetes. 

2 Oomycetes. 

i’ Sub-serieB. Cbytridiales. 

2 , Mycosipbonales. 

2 Class. Mesomycetes. 

1 Sub-class. HemiamL 
o llemiMsidii* 



APPENDIX ON; THE CLASSIFICATION OF' PLANTS., 

3 Class. MircoMyCETEs. 

1 Sub-class. Asconiycetes, 

1 Series. Exoasci. 

2 „ Carpoasci, 

1 Sub-series. G-ymnoascales. 

2 „ Perisporiales. 

3 „ Pyrenomycetes. 

Appended. Pyrenolichenes. 

4 Sub-series. Hysteriales. 

5 „ Discomycetes. 

Appended. Discolichenes. 

2 Sub-class. Basidiomycetes. 

1 Series. Protobasidiomycetes. 

1 Sub-series. Uredinales. 

2 „ Auriculariales. 

3 „ Tremellinales. 

4 ,, Pilacrales. 

2 Series. Autobasidiomycetes. 

1 Sub -series. Bacryomycetes. 

2 ,, Hymenomycetes. 

Appended. H^^menolichenes. 

3 Sub -series. Piialloidese. 

4 „ Gasteromycetes. 

Appended. Gasfceroliclienes. 

Fungi imperfect!. 


in. 


EMBRYOPHYTA ZOIDIOGAMA (Archego- 


DIVISION. 

niatse). 

I, Sub-division. Bryophyta (Muscinei). 

1 Class. HEPATICiE. 

1 Series. Marohantiales. 

2 ,, Antbocerotales. 

3 „ Juugermanniales. 

1 Sub-series, Anacrogynae. 

2 „ Acrogynae. 

2 Class. Musci. 

1 Sub-class. Sphaynahs, 

2 ,» Aiidremales, 

3 „ Archidiales, 

4 „ Bryales. 

1 Series. Cleistoearpae. 

2 „ Stegocarpfe. 

1 Sub- series. Acrocarpse. 

.2 ,, Pleurocarpffi. 

IL Sub division. Pteridophyta. 
i Class. Fiiucales, 

1 Sub-class, Filiqes. 

,1 Series. Pianithallosje. 

2 TuberithaiiosK. 

2 S ib-elass. Mydr&Ftendes. 
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2 Class. ^Equisetales, 

1 Sub -class. laos'porcR, 

2 ,, Beterosporac, 

S Class. Sphenophyllales. 
4 „ Lycopobiceles. 

1 Sub-class. Isospora. 

2 „ Heterospom. 


lY. DIVISION. EMBRYOPHYTA SIPHONOGAMA. 
(Siplionoganiffi, Phanerogam®). 

I. Sub-division. Gymnospermse. 

1 Class. Cygadaees. 

2 „ Cobdaitales. 

B ,, Bennettxtales. 

4 ,, CONIEEEJE. 

5 „ : Gnetales. - 

II. Sub-division. Angiospermffi. 

1 Class. CHALAZOGAMiE. 

Series. Verfcicillat®. 

2 Class. Aoeogam.®. 

1 Sub-class. Monocotyledone<s, 

Series. Pandanales. 6 Series. Spathiflora. 

„ Helobia. 7 „ Farinosse. 

„ Glumiflorse. 8 „ liliiflorre. 

Prinoipes. 9 Soitamineffi. 

1 „ Synanthffi. 10 „ Miorosperuiie. 

2 , Siih-cla&s D I coUjlcdonea. 

1 Group of Series. Arcbichlamyde®. 

ISeries. Piperales. 13 Series. Sarraoeniales. 

! „ Juglandales. 1^ 

i „ Salioales. 15 „ Geraiiiales. 

t „ Fagales. 16 - Sapiudales. 

; „ Urticales. 17 ■’ Bhammles. 

5 „ Proteales. 18 - Malvales. 

7 „ SaBtalales. 19 ” 

3 „ Aristoloehiales. 20 ,. Opuptiales. 

3 „ Polygonales. 21 " 

0 ,, Centrospermte. 22 „ Mjrtifloise. 

1 'RoT.cinc 23 „ Umbelliaor®. 


2 Group of Series. Sympetalee. 


6 Series. Plantaginaks. 

7 „ Eubiales. 

8 „ Aggregatsse.. 

9 ,, Campanulatse. 


1 Series. Ericales. 

2 ,j Primulales. 

3 ,, Ebenales. 

4 ,, Contort®. 

0 „ Tubiflor®. 


TABLE OF ABBREVIATIONS. 


S = Sepals. 

P = Petals. 

Pr= Perianth. 

A = Androecium. 

G = Gynoeceum. 

(? = Male. 

, :=;=■■ Female. '■ . , 

§ = Hermaphrodite. 

00 = Indefinite. 

Names of continents and countries have sometimes been abbreviated, for 
example: — Am.~America ; As.=Asia ; Af.— Africa ; Ind.=India, etc. N., S., 
E., 'W.j—North, South, East, West ; Temp. = Temperate Regions ; Trop.= 
Tropics. 



Algal-Fungi, 95, 90. 
Albagi, 472. 

Alisma, 281, 282. 
AHsmaceae, 278, 281. 
Alisme^B, 281. 
Alkauet, 5B4. 
AUcanna, 534, 535. 
AlUariinse, 404. 
Allieaj, 312. 

Allium, 312, 313, 314. 
Alloplectus, 528. 
Allosorus, 213. 
Almeidea, 437. 
Almond, 461, 462.^^ 


^Fgiceias, 513. 
Jjlgilopsj 296. 
iEgopodium, 494. 
TEschynan thus, 528, 
.^sculiuse, 439. 
jEsculus, 440. 
iEthalium, 8, 

^thusa, 495, 498. 
ASonsea, 466, 
Agapanthus, 312, 314, 
Agar-Agar, 33, 84. 
Agaricacese, 166. 

I Agaricinei, 171. 
Agatbis, 263. 

Agave, 318. 


Alnu.s, 8, 117, 118, 341. 
342. 

Alocasia, 306. 

Aloe, 274, 312, 313, 314. 
Aloinese, 312. 

Alonsoa, 525. 


Aggregatse, 505, 564, 
Agraphis, 312. 
Agrimonia, 459, 460. 
Agrimoniese, 459. 
Agrimony, 459. 
Agropyrum, 113,^295, 
Agrostemma, 365, 36 
Agrostidese, 294. 
Agrostis, 294. 
Alinfeltia, 83. 
Ailantlms, 439. 

Aira, 294. 

Aizoaceas, 374. 
Aizoidege, 374. 
Aizoon, 375. 

Ajuga, 47, 537. 
Ajugese, 537. 

Akebia, 390- 
Akinetes, 10. 

Alaria, 71, 72. 
Albugo, 107. 
Albumen, 246. 
Albuminous, 219. 
Albumose, 473. 
Alcbemilla,'‘460. 
Alcbornea, 432, 


Alopecurus, 290, 294, 
Alpine Violet, 513. 
Alpinia, 326. 


Alsine, 364, 366, 

Alsineas, 365. 

Alsodeia, 411. 

Alsopliila, 214, 215. 
Alstrcemeria, 318. 
Alstroemerieie, 318. 
Alternanthera, 369- 
Althsea, 426, 428, 429, 
430. 

Althenia, 279. 

Alyssinaa, 404. 

Alyssum, 400. 

Amanita, 167, 171. 
Amarantacese, 364, 368. 
Amarant-tree, 468.^ 
Amarantus, 368, 369. 
Amarylleae, 317. 
Amaryllidaoea), 310, 316. 
Amaryllis, 317, 318. 
Amber, 267. 

Ambrosia, 573. 
Ambrosiese, 564, 567, 573. 
Ambrosinia, 305. 
Amelancbier. 464, 465. 
Amentacesa 337. 
Amberstia, 468. 

Q a 


Alcoholic fermentation, 

97. 

Alder, 8, 118, 341. 
Aldrovandia, 408, 409. 
Aleurites, 43,4* 


INDEX. 


Abelia, 556. ^ ! 

Abies, 124, 129, 130, 132, 
133, 148, 155, 165, 
246, 264, 265, 266. 
Abietaceaa, 255, 268, 272. 
Abrus, 470, 473. 

Abutilon, 427. 

Acacia, 473, 474, 475. 

False, 470. 

Acalypba, 434, 

Acanthace^, 518, 529, 580. 
Acanthus, 530. 

Acer, 122, 441, 442. 
Aceracese, 441. 

Acerantbus, 390. 
Acetabularia, 12, 63. 
Achillea, 568, 572, 574, 
Aebimenes, 528. 

Achlya, 107, 108. 
Achnanthese, 21. 

Acbras, 511. 

Acinetse, 68, 72. 

Aeonitum, 379, 383. 

Acorin, 306. 

Acorus, 303, 304, 306. 
Acrasiese, 6. 

Acrocarpi, 196. 

Acrocomia, 301. 

Acrogynse, 192. 
Acrospermacese, 132, 
Acrostichiim, 213. 
Acrotonous, 331. 
Acrotylacese, 83. 

Aerotylus, 83. 

Actea, 379, 380, 382. 
Actinidia, 415. 

Adansonia, 427. 

Adder’s tongue, 211. 
Adenantbera, 475. 
Adiantum, 201, 206, 213. 
Adinida, 17. 

Adluinia, 395. 

Adonis, 379, 383. 

Adoxa, 453, 555. 

Aerobic, 31. 
jEchmea, 319, 320. 
^cidiospores, 147. 
Jilcidium, 147, 148, 150, 
' 155. 

W. B. 
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Ammanina, 4S3. 

Amini, 4D4. 

Ammieje, 494. 

Ammobium, 573. 
Auimouiac-gum, 498. 
Ammophila, 295. 

Amoinis, 488. 

Amoi'piia, 470. 
AmpeliclaceiB, 445. 
Ampeiopsis, 445, 447. 
Ainphkliniiim, 10. 
Ampliigastria, 181, 188. 
Ampbipleurese, 21. 
Amphispbsgriaeea), 130. 
Amphitliecium, 186. 
Ampbitropideffi, 21, 
Ampborete, 21. 

Amsonia, 544. 
Amjgdalaceae, 461, 466, 
Amjgdalin, 462. 
Amygdalus, 461, 4G2. 
Amyris, 438. 

Anabiena, 25, 21ff. 
Anaeampseros, 373. 
Anacamptis, 332. 
Anacamptodon, 197. 
AnacardiacesB, 439. 
Anaeardium, 439. 
Anaerogynse, 102. 
Anacyclus, 572, 574. 
Anadyomene, 62. 
Anaerobic, 31. 

Anagabis, 513. 

Anamirta, 390. 

Ananassa, 319, 320. 
Anastatica, 401. 
Anathyllis, 471. 
Anatropous, 242, 243. 
Ancbusa, 150, 531, 532, 
534, 535. 

Ancylistacea3, 104. 
Ancylonema, 44. 

Andira, 472, 473. 
Aiidresea, 185, 187, 188, 
195. 

Andros ci urn, 239. 
Androgenesis, 14. 
Andromeda, 161, 508. 
AndromecUie, 50B. 
Andropogon, 289, 293, 296. 
Andropogonea, 293, 296. 
Andiosaee, 512, 513. 
Androspore, 57. 

Aneimia, 215. 

Aneliitereaj, 192. 
Anemone, 379, 384. 
Anemonese, 384. 
Anemonopsis, 379. 
Anethnm, 496, 498. 

- Anenra, 191, 192. 

" Angelica, 496, 498.-.;' - 


Angiopteris, 212. 
Angiospermae, 3,234, 239, 
250, 273. 

Angiosperms, 237, 245, 
248. 

Angiospore®, 82. 
Angostura?, Cortex, 437. 
Angulifera?, 21. 

Anise, 498. 

Anlage, 90. 

Annatto, 412. 

Annularia, 225. 
Annularise, 225. 

Annulus, 195, 209. 
inferus, 167. 
superus, 168. 

Anoda, 428, 429, 

Anodic, 480. 

Anomodon, 197. 

Anona, 388. 

Anonacese, 388. 
Aiitennaria, 124, 573. 
Anthemidese, 572 
Antbemis, 569, 572, 574. 
Anther, 237, 238. 

Fibrous layer of, 241. 
Structure of, 239. 
Anthericece, 312. 
Anthericum, 312, 313. 
Antbendium, 13, 100, 198, 
Antherozoid, 13. 
Anthocarp, 374. 
Anthoceros, 25, 186, 187, 
188, 189, 191. 
Anthocerotese, 191. 
Anthoiyza, 321. 
Aiithostema, 432, 433. 
Anthoxantbuni, 295, 296. 
Anthrax bacillus, 31, 39, 
40. 

Antbriscus, 493, 495, 498. 
Antbiirium, 304. 
Antbyllis, 471. 

Antiaris, 356. 

Antipodal cells, 248. 
Antirrbineas, 523. 
Antirrhinum, 524, 527, 
Antisepsis, 32. 

Apeiba, 424, 425. 

Apetal^, 336, 337. 
Aphanizomenon, 25. 
Aphaiiocapsa, 24. 
Apbanocbaete, 54. 

AphtbsB, 180. 
Aphyllantbes, 312, 
Apioeystxs, 51. 

Apios, 471. 

Apiosporinm, 124, 

Apium^ 494, 49S. 
Aplandgametangium, 12. 

' Aplanogametes, 12. 


Aplanospores, 10. 
Apoevnacese, 542, 543, 549, 
Apocynum, 5 1:4. 

Apogamy, 203. 
Aponogeton, 281. 
Aponogetonaceas, 281. 
Apospory, 188. 

Apostasia, 329. 
Apostasies, 328, 329. 
Apotbecium, 118, 132. 
Apple, 127, 130, 464, 465. 
Apricot, 121, 461, 402. 
Aquifoliaces, 444. 
Aquilegia, 378, 379, 381, 
882. 

Arabis, 402. 

Araces, 276, 278, 303, 
Aracbis, 469, 472, 473. 
Aralia. 491. 

Araliaces, 454, 491, 549. 
Araucaria, 237, 263. 
Araucariaces, 267, 263, 
272. 

Arbor vits, 267. 

Arbutese, 508. 

Arbutus, 508. 
Archangelica, 496, 498. 
Arebegoniata, 3, 1S5. 
Arcbegonium, 3, 184, 198. 

Development of, 201. 
Arcbesporium, 186, 202. 
Arcbicarp, 120. 
Arcbidium, 193, 105. 
Arctostapbylos, 161, 508. 
Arcyria, 7, 8. 

Ardisia, 513. 

Areca, 301, 3D2. 
Areca-palm, 302. 
Arecines, 301. 

Arenaria, 3C6. 

Arenga, 301. 

Argemone, 395. 

Aria, 152. 

Aril, 255, 258. 

Arines, 305. 

Arisaruin, 305. 

Aristida, 295. 
Aristolocbia, 409, 500. 
Aristolocbiaces, 499. 
Aristolocbiales, 499. 
Aristotelia, 425. 

Armen iaca, 461. 

Armeria, 514. 

Armillaria, 117, 169, 170. 
Arnebia, 533. 

Arnica, 572, 574. 
Arnoseris, 571- 
Aronia, 464. 

Arrack, 296, 301. 
Arrow-head, 282. 
Arro^y-poison, 514, 546. 


INDEX. 


Arrow-root, 327, 434. 
Artabotrys, 388. 

Artemisia, 509, 572, 573, 
574, ' 

Arthouia, 134. 

Arthoniacese, 134. 
Artbrosporous,^ 29. 
Artbrotaxis, 267. | 

Artichoke, 570, 574. 

Jerusalem, 572, 574, 
Artoearpeije, 354, 
Artocarpus, 350. 

Arum, 303, 304, 805, 306. 
Aruudo. 294, 290. 
Asafoetida, 498. 

Asarum, 499, 500. 
Asclepiadaceas, 238, 5 12, 
544, 

Asclepias, 545, 546. 
Ascobolacese, 135. 
Ascoboliis, 136. 

Ascocarps, 88. 
Ascoeorticium, 116, 117. 
Ascogone, 120, 

Ascoidea, 108. 
Ascoideacefe, 108, 
Ascoiiehenes, 95, 116, 136. 
Ascomycetes, 95, 114, 116. 
Ascophyllum, 73, 75, 
Asoospore, 88, 

Ascus, 88. 

Aseroe, 173, 

Asexual reproductive cells, 

10 . 

Ash, 127, 546, 547. 
Asimina, 388. 

Asparagea, 314. 
Asparagus, 3l4, 316. 
Aspen, 152, 338. 
Aspergillus, 122. 
Asperifolise, 532. 
Asperococeus, 70. 
Asperugo, 534. 

Asperula, 552, 553. 
Asphodelus, 312, 313, 314. 
Aspidistra, 314. 

Aspidium, 203, 204, 207, 
213, 214, 

Aspidosperma, 344. 
Asplenium, 213 214. 
Astelia, 315, 

Aster, 569, 571, 573. 
AstereiB, 571, 573. 
Asteriscus, 574. 
Asterocystis, 73. 
AsterophylliteiB, 225. 
Asterophyllites, 225. 
Astragaleaj, 470. 
Astragalus, 114, 470, 473. 
Astraiilia, 493. 
Astrocarpus, 407. 


Atherurus, 305. 
Athyrium, 201, 207^ 21 
Atragene, 379, 385. 
Atraphaxis, 360. 
Atriplex, 371, 372. 
Atriplieeae, 371. 
Atropa, 519, 521, a 
523. 

Atropine, 522. 

Attalea, 297, 301. 
Attar of Roses, 460. 
Aubrietia, 400. 
Aneuba, 491. 
Aulacomniura, 197. 
Aurantie®, 437. 
Auricula, 155. 

; Aurieularia, 156. 
Auriculariace®, 145, 1 
Austrian Pine, 267. 
Autobasidia, 144. 
Autobasidiomycetes, 
145, 157. 
Autmcious, 148. 
Autoxenous, 118. 
Auxiliary cells, 81. 
Auxospore, 19. 

Avena, 294, 296. 
Avene®, 294. 

Avens, 458. 

Averrhoa, 416, 
Avicennia, 535, 
Avignon grain, 448, 
Awl wort, 401. 

Awn, 288, 290. 
Azalea, 508. 

Azolia, 25, 219. 


“ Bablah,” 475. 

Bacillus, 26, 28, 30, 31, 
35, 36, 37. 
anthracis, 39. 
diphtheri®, lepr®, 
mallei, tetani, tuber- 
culosis, typhosus, 40. 

Bacteria, 4, 5, 8, 9, 10, 22, 
26. 

Bacterium, 26, 28, 30, 35, 
39. 

Bactris, 301. 

B®omyces, 140, 142. 

Balanopiiora, 504. 

Balanophorace®, 504, 

Ballota, 538. 

Balsaminaee®, 420. . 

Balsamodendron, 438. 

Balsam of Oopaiba, 468. 
of Peru, 473. 

Bamboo, 289, 291, 292 
293. 

Bambusa, 289, 291, 293. 


Bambuse®, 293, *296. 
Banana, 324, 325. 
Baneberry, 382. 

Bangia, 77, 7?*. 

Bangioideaj, 77. 

Bariksia, 450. 

Baobab, 427. 

Barbaceaia, 318. 

Barbarea, 402. 

Barberries, 3S9. 

Barbula, 195. 

Bark-canker, 169. 

Barley, 113, *292, 296. 
Barosma, 436. 
Barriugtonia, 489. 
Bartonia, 476. 

Bartrarnia, 197. 

Bartsia, 526. 

Basella, 371. 

Baselle®, 371. 
Basiuial-layer, 89, 
Basidiocarp, 89. 
Basidioliehenes, 96, 145, 
176. 

BasidiomTCotes, 96, 114, 
144, 145. 

Basidiospore, 88. 
Basidium, 89, 144, 116. 
Basitoiious, 331. 

Bassia, 511. 

Bast, 25 L, 425, 430. 
Bastardia, 428. 

Batatas, 516, 517. 
Batidace®, 372, 

Batis, B72. 

Batrachium, 383, 
Batrachospennum, 80, 83. 
Bauhinia, 467. 
Bayberry-tree, 41i0, 
Bay-rutn,” 489. 

Beaked parsley, 495. 
Beak-rush, 286. 
Bear-berry, 508. 

Beard liclien, 143. 

Beech, 127, 134, 154, 165, 
526, 

Beef-steak fungus, 1 06. 
Beer-yeast, 177, 178. 

Beet, B69. 

Beet-root, 372, 

Beggiatoa, 26, 28, 37. • 
Begonia, 477, 4p. __ 
Begoniaee®, 475, 477. 
Beilis, 569, 572. 
Benincasa, 481. 
Berberidace®, 238, 3B9. 
Berberis, 149, 389, 399. 
Bergamot, 438. 

, Bergia, 413. 

Berteroa, 400. 
Bertholletia, 489. 
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Beta, 369, 370, 372. 

Betel, 363. 

Betonica, 538. 

Betony, 538. 

Betula, 342. 

Betnlaceas, 341. 

Biarnm, 305. 

Biatoreila, 134. ^ ^ ^ 

Bicornes, 336, 451, oOo, 
506. 

Biddulphieie, 21. 

Bidens, 566, 572. 
Biebersteiuia, 419. 
Bignonia, 529. 
Bignoniacesi, 518, 529. 
Bilberry, 509. 

Biilardiera, 455. 
Billbergia, 320. 

Bindweed, 515, 516. 

Biota, 268. 

Birch, 117, 135, 165, 342. 
Bird-cberry, 461, 462. 
Bird-lime, 501, 504. 
Bird’s-foot, 472. 
Bird’s-foot-trefoil, 471. 
Biscutella, 401. 
Bitter-cress, 402. 
Bitter-sweet, 522. 

Bixa, 412. 

Bixacete, 412. 

Blackberry, 461. 
Black-boy, 312. 
Black-currant, 153, 455. 
Black-mustard, 401, 405. 
Black-pepper, 363. 
Blackthorn, 462. 
“Bladder” plums, 117. 
Bladder-senna, 470. 
Bladder-wort, 528. 
Blasia, 25, 191, 192. 
Blattiacese, 483. 
Bleehnum, 209,214, 254. 
Bletia, 332. 

Blight, 132. 

Blindia, 196. 

Blinks, 373. 

Biitum, 369. 

Blood-red Currant, 455. 
Blue-green Algae, 5, 22. 
Booconia, 395. 
Boehmeria, 353. 
Boerhaavia, 374. 
Bog-mosses, 193. 
Bog-myrtle, 351, 

Bog Wortleberry, 509. 
Boisduvalia, 485. 
Boletus, 166- 
Bomarea, BIB. 
Bombaoe®, 427. 
Bombax, 427.^ 
Bonnemaisonia, 83. . 
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Bonnemaisoniaceffi, 83. j 
Borage, 533. 

Borageae, 532, 533. 
Boraginacese, 515, 531, 
532, 537.^ 

Borago, 533, 534. 

Borassinse, 301. 
Borassus,301. 

Borderea, 323. 

BoroniesB, 436. 

Borreria, 550. 

Boschia, 190. 

Bossisea, 472. 

Boswellia, 438. 

Bo-tree, 356. 

Botrychium, 202, 210, 211 . 
BotrydiacejE, 47, 59, 
Botrydium, 59. 

Botrytis, 128, 134, 135. j 
Bottle- gourd, 481. 

Bouchea, 535. . 

Bougainvillea, 374. 
Boussingaultia, 371. 
Bouvardia, 550. 

Bovista, 174. 

Bowenia, 253, 254. 

Bowiea, 312. 

Box, 434. 

Brachypodium, 294. 
Bracby thecium , 197 . 
Bracken- fern, 207, 213. 
Bract, 235. 

Bracteole, 235, 275, 334. 
Bradypus, 8, 54, 356. 
Brahea, 300. 

Bramble, 458. 

Branching of Palm, 298. 
Brand-fungi, 95, 108, 109. 
Brand-spores, 91. 
Brasenia, 386. 

Brassica, 399, 400, 401. 
BrassicinsB, 404. 

Bray era, 460. 

Brazil-nuts, 489. 
Breadfruit, 356. 

Briza, 290, 294, 296. 
Brome, 296. 

Bromeliacece, 308, 309, 
310, 318. 

Bromus, 287, 289, 2S0, 
293, 296. 

Brook-weed, 513. 

Broom, 472. 

Broom-rape, 528. 
Brosimnm, 356. 
Broussonetia, 354. 
Browallia, 621. 

Brown Algae, 1. 

Brownea, 468. 

Brownian movement, 28. 
Brngmansia, 504. 


Brunfelsia, 521, 

Bryacese, 197 . 

Bryonia, 481. 
Bryophyilum, 451, 452. 
Bryophyta, 1, 234. 
Bryopsidace^e, 47, 60. 
Bryopsis, 60, 62. 

Bryum, 197- 
Buchu, 436. 

Buck-bean, 543. 
Buckthorn, 448. 
Buckwheat, 361. 
Biiettneria, 422. 
Buettneriaceae, 422. 

Bugle, 537. 

Bulbine, 312. ^ 
Bulbochgete, 65, 56. 
Bulbocodium, 310. 
Bulbophyllum, 332. 
Bulgaria, 134. 
Bulgariace®, 134. 

Bullace, 461, 462. 
Bulliarda, 452. 

Bull-rush, 303. 

Bumelia, 511. 

Bunchosia, 442. 

Bunias, 400, 403. 
Bupleurum, 491, 494. 
Burdock, 670. 
Burmanniacese, 328. 
Bur-marigold, 572. 

Bur Parsley. 497. 
Bur-reed, 302. 
Burseracese, 438. 
Butcher’s broom, 316. 
Butomese, 281. 

Butomus, 281, 282, 
Butterbur, 571. 

Butter- tree, 414. 

Butter- wort, 528. 
Butyric-acid-bacillus, 38. 
Buxacese, 434. 
Buxbaumia, 197. 
Buxbaiimiacese, 197. 
Buxus, 434. 

Cabbage, 401. 

Oabomba, 386. 
Cabombese, 386. 

, Oacalia, 372-^ 

CactaceiB, 375. 

Cacti, 375. 

CactiflorjB, 375. 

Cseoma, 147, 148, 152. 
Caesalpinia, 468. 
Csesalpiniaceaa, 466, 470. 
Calfeine, 441, 653. 
Gajanus, 471. 
Cajeput-oil, 489- 
Cajophora, 476. 

Cakile, 403, 
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Calabar-bean, 471, 473. 
Calabash, 529. 

Caladium, 306. 
Calaniagrostis, 289, 294. 
Calamiutha, 540. 

Calamites, 224. 

Calamus, 298, HOI, 303. 
Calamus-oil, 306. 
Calandrinia, 373. 

Calatbea. 327. 

Calceolaria, 525, 527. 
Calcoeytaceju, 15. 
Calendula, 565, 572. 
Calendulea3, 572. 
Caliciaceje, 134. 

Calicium, 134. 

Calla, 305, 307. 

Callese. 305. 

Cailiandra, 475. 
Oallianthemum, 379. 
Callicarpa, 535, 
Calligonum, 361. 
Calliopsis, 572. 
Callistemon, 489. 
Callistephus, 573. 
Callitbamnion, 78, 79, 84. 
Callitrichaceie, 434. 
Cailitriehe, 434. 

Callitris, 269. 

Oalloria, 134. 

Calluna, 507. 

Caloeera, 158, 159. 
Calonyction, 516. 
Calophyllum, 414. 
Caiothamnus, 489. 
Calothrix, 25. 

Caltha, 379, 380, 381, 382. 
Calycantbaceie, 389. 
Calycanthus, 389. 
Caiyceraceae, 556, 560. 
Calypogeia, 192. 

Calypso, 332. 

Calyptospora, 152. 
Calyptra, 186. 

Calystegia, 516. 
Calyx-stamens, 335. 
Camelina, 400, 401. 
Camellia, 414, 415, 
Campanula, 153, 561, 562. 
Campanulacefe, 561, 563. 
Campanulinaa, 505, 560, 
564, 569. 

Camphor, 392. 

Campion, 367. 
Camx)ylopus, 196. 
Gampylosx)ermea3,493,497. 
Campylotropous, 242, 243. 
Canada-balsam, 266. 
Cananga, 388. 

Canarina, 562. 
Canary-grass, 295. 


Canavalia, 471. 

Candollea, 413, 664. 
CandolleacesB, 564. 

Cane, 298, 301. 

“ Canker,” 127. 

Canna, 326. 

Cannabacese, 356. 
Cannabis, 357, 358. 
Cannacese, 277, 326, 327. 
Canterbnry-bell, 561. 
Canthareliei, 172. 
Cantharellus, 170, 172. 
Caoutchouc, 434, 544, 546, 
563. 

Capers, 405. 

Capillitium, 7, 174. 
Capirona, 549. 
Capnodium, 124. 
Capparidacese, 405. 
Capparis, 405, 406. 
Capraria, 525. 
Caprification, 355. 
Caprificus, 355. 
Oaprifoliacese, 454, 548, 
549, 553, 556, 557. 
Caprifolium, 554. 
Capsella, 400, 401, 402. 
Capsellinffi, 404. 
Capsicum, 521, 522. 
Oapsosira, 26. 

Capsule, 186. 

Caragana, 470. 

Caraway, 494, 498. 
Cardaminse, 401. 
Cardamine, 400, 402, 404. 
Cardamom, 326. 
Cardiospermum, 441, 
Carduus, 569. 

Carex, 113, 151, 247, 286, 
287. 

Carica, 476. 

Carice£e, 286. 

Caries dentium, 38. 

Car Una, 570. 

Carludovica, 302. 
Carmichselia, 470. 
Carnation, 367. 
Caimauba-wax, 301. 
Carob-bean, 466, 468. 
Carpels, 235, 238. 
Carpinus, 117, 344. 
Carpoasci, 95, 115, 116, 
118. 

Carpogonium, 77, 81. 
Carpophore, 91, 492. 
Carpospore, 77, 82. 
Carragen, 33, 84. 

Carrot, 496, 497, 498. 
Carthamus, 570, 574. 
Oarum, 493, 494^ 498.’ 
Garya, 350. 


Caryophyllacf je 336, 364. 
Caryopsis, 288. 

Caryota, 301. 

Cascara, 448. 

Cascarilla, 434, 550. 
Cashew-nut, 439. 

Cassandra, 508. 

Cassava, 434. 

Cassia, 467, 468. 

Cassine, 444. 

Cassiope, 508. 

Cassytha, 392. 

Castauea, 346. 

Castilloa, Hob, 

Castor-oil, 431, 434. 
CasuariuacefE, 339. 
Casuarina, 273, 274. 
Casuarinifloraj, 339. 

Cataba, 414. 

Catabrosa, 294, 

Catalpa, 529. 

Catananche, 506, 571. 
Catasetum. 332, 333. 
Catch-fly, 367. 

Catechu, 475. 

Catha, 444. 

Catharinea, 197. 
Cathartocarpus, 407, 408. 
Catmint, 539. 

Catodic, 480. 

Cat’s-ear, 571. 

Cat’s-foot, 573. 

Cat’s-tail, 294. 

Cattle-beet, 372. 

Cattleya, 332. 

Caucaiis, 497. 

Caudiele, 331, 332. 
Caulerpa, 10, 61, (‘>2. 
Caulerpace«e, 47, Oil. 
Cauliflower, 405. 
Cayenne-pepper, 522, 
Ceauothus, 448. 

Cecropia, 356. 

Cedar, 266. 

Cedrat, 438. 

Cedrela, 436. 

Cedrus, 266. 

Celandine, 394. , 
Celastracese, 444, 
Celastrus, 444. 

Celery, 494, 498. 

Celidium, 134. 

Cell, Vegetative, 228. 
Celosia, 368, 369. 

Oelsia, 525. 

Celtidese, 352. 
Cenangiace®, 134. 
Cenangium, 134. 
Cenchrus, 295. 

Centaurea, 565, 567, 563, 
569,570,573. 


59b' 

Centaury, 54?5. | 

Ctuiratleuin, 484. ^ i 

“ Central sell,” 185.^ 
Centrautlius, 557, 5n8. 
CftutrolepidaceiB, o08, 309. ■ 
Centrolepis, Bdl). 1 

Centrolobiimi, 47*2. 1 

Ccutroposon, 5t)3.^ | 

Ceuttnieulns, 512, 513. 
Cepliaelis, 550, 55H. 
Ceplialaiitbera, 328, 331. 
Cephalaria, 500. 
Ceplialotactie, 454. 
Cepbalotaseie. 2o0. i 

Cepiialotns, 458. 
Cerauoiaeece. 84. 

Ceramium, 78, 80, 84. 
Cerastium, 364, 866. 
CeraBUB, 462. 

Ceratioruyxa, 8. 

Ceratiam, 16, 17. 
CeratoeapuoB. 396. 
Ceratodon, 196. 

Ceratonia, 408. 
Ceratopbyllacea3, 388. 
Ceratopbylium, 388, 
Ceratostomacese, 130. 
Ceratnzaitnia, 238, 253, 

254. 

Cerbera, 544. 

Cercis, 467, 468. 

Gereits, 375, 377. 

Ceriiitlie, 533 . 

Ceropegia, 546. 

Ceroxylon, 301. 

Cestrea), 522. 

Cestrum, 522. 

Ceteracb, 214. 

Cetraria, 138, 141, 142. 
Cbsenomeles, 465. 
Cbjerophylliim, 495. 498. 
Chajtangiaceee, 83. 
Cluetoeeros, 20. 
Chffitocladiaeeaa, 100. 
Cbtetocladium, 100. 
Cba?iomiaee£e, 129. 
Obastominm, 129. 
Chsetomorpba, 58, 
Cbastopeltis, 54. 
Cbjjatopbora, 64. 
Cbsetopboracesa, 47, 54, 
Cinetopteris, 70. 

Chalaza, 242. 
Chalazogames, 273. 
Cbalazogaras, 273. 
Chamsecyparis, 268, 269. 
ChamsBdorea, 298,. 801. 
Chaiusodoris, 62. 

. Cbamsilauciese, 489. 

, • CbamsBlaucium, 489. 
Chain seiieritim, 484. . 
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CbamiEerops, 298, 300, 301, j 
■ '302. I 

ChamseBipbon, 22, 24, 25^. | 
Cbamajsipbonacfcse. 24, 25. | 
Chamomile, 572, 574, t 
Chantransia, 83. 

Cbara, 65, 66, 67. 

Characem, 1, 4, 10, 14, 64. 
Characium, 47, 51. ! 

Cbarese, 67. 

Charlock, 404. 

Cheilanthes, 213. 
Cheiranthus, 399, 400, 

402. 

Oheirostemon, 427. 
Chelidonium, 394, 395. 
Chelone, 525. 
Chenopodiacess, 364, 309. 
Chenopodiese, 369. 
Chenopodina, 371, 372. 
Cheiiopodium, 369. 372. 
Cherry, 117, 156,461, 462. 
Cherry-laurel, 462. 

Chervil, 495, 498. 
Chervil-root, 498. 
Chick-pea, 470. 

Ghickweed, 366. 

Chicory, 570, 574. 

Cbilies, 522. 

Chiinaphila, 505. 
Cbimonanthus, 389, 
China-grass, 353. 

Chinese gulls, 439. 
Chiococca, 550. 
Chionanthus, 547. 
Chionodoxa, 312. 

Chive, 312. 
Cblamydomonas, 48. 
Chlamydomonese, 14. 
Chlamydoniucor, 97, 98. 
Chlamydospore, 90. 
Chlora, 47, 543. 
Chlorangium, 51. 
Chloranthacess, 363. 
Chloranthus, 363, 
Chloridese, 295. 

Chloris, 295. 
Chlorochytriiim, 47, 51, 
Chlorococcum, 51. 
ChloTOcystis, 51. 
Chlorophycesa, 1, 14, 46. 
Chlorophytuni, 312, 
Chlorospheera, 51. 
Ohlorosphseracete, 47 , 51. 
Ghlorosplenium, 135. 
Ghlorotyliuin, 54. 
Choanephora, 100. 
Choanephoraiceee, 100. 
Chocho, 481. 
Ohoiromyees* 124, 

'436./' 


Chondrus, 79, 83, 84. 
Chorda, 72. 

Chord aria, 71. 

Chord ariacea-s, 71. 
Choripetalce, 336,337,505, 
561. 

Chorisia, 427. 
Choristocarpaceffi, 70. 
ChoristocarpuB, 70. 
Chroinaeeas, 15. 
Chromulina. .15. 
Chroococcaccse, 24. 
Chroococcus, 24, 176. 
Chrysalis Fungus, 127. 
Chrysanthemum, 572. 
Chrysarohin, 473. 
Chrysohalanaceaj, 462, 466. 
Cbrysobalanus, 462. 
Chrysomonadinaetee, 15, 
17. 

Chrysomyxa,147, 148, 153, 

"iss. 

Chrysopliyllum, 511. 
Chrysopyxaceje, 15. 
Chrysopyxis, 15. 
Obrysospleninm, 452, 454. 
Chylocladia, 83. 

Chysis, 333. 

Chytridiales, 95, 102. 
Chytridium, 103. 
Cibotium, 214, 215. 

Cicely, 495. 

Cicendia, 543, 

Cicer, 470. 

Cichorieaa, 561, 568, 570. 
Cichorium, 570, 574. 
Cicinnobolus, 120. 

Cieuta, 494, 498. 
Cilioflagellata, 17. 
Cimaruoli, 355. 
Ciniicifuga, 383. 
Cinchona, 548, 549, 550, 
553. 

Cinchonejs, 550. 
Cinchonin, 553. 
Cinciidotus, 197. 
Cineraria, 572, 574. 
Cinnamon, 392. 
Cinnamomum, 391, 392. 
Ciiiquefoil, 458. 

Cipura, 321. 

Ciresea, 485, 486. 
Circinate, 208. 

Cirsium, 151, 568, 569. 
Cissampelos, 390. 

Oissus, 445, 504. 

Cistacese, 412. 

Cistitioraa, 406, 451. 
Oistiis, 412, 503. ^ 
Citharexylon, 535. 
Citriobatus, 455. . 
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Citron, 438. _ 

Citronelia oil, 296. | 

Citrullus, 479, 4S0, 481. 
Citrus, 437, 438. 

Cladium, 286. 
Cladochytrium, 103. 
Cladoiiia, 139, 140, 141, 
142, 143. 

Cladopliora, 11, 58. 
Cladopboraceo3, 47, 58. 
Ciadosporium, 1*24. 
Cladotbrix, 27, 33, 34,^35. 

Clamp-connections, 86. 

Ciarkia, 485. 

Clastidium, 25. 

Clatbrus, 173. 

Giavaria, 159, 161. 
ClavariaceaJ, 101- 
Claviceps, 125, 126, 127. 
Clavija, 513. 

Olaytonia, 373. 

Cleavers, 552. 
Cleistocarpese, 195. 
Clematidese, 3S5. 

Clematis, 378, 379, 380, 
385. 

Cleome, 406. 

Clerodendron, 535. 

Ciethra, 509. 

Climaciurn, 197. 
Olinopodiam, 540, 
Clintonia, 563. 

Clitocybe, 171- 
Clitoria, 471. 

Olivia, 317, 318, 
Closterium, 43, 44. 
Clostridium, 31. 
Cloudberry, 461. 

Clover, 135, 471. 

Cloves, 489. 

Club-mosses, 2, 205, 226. 
Club-rush, 285- 
Ciusia, 414. 

Clusiacees, 414. 
Cluster-cups, 150. 
Clypeospbseriacese, 130. 
Cnieus, 570, 574. 

Cnidium, 495. 

Cobsea, 615. 

Coca, 442. 

Cocaine, 442. 

Cocci, 26. 

Coccochromatiese, 21. 
Coceoloba, 360. 
Cocconeidem, 21, 
Coeooneis, 21. 
Gocconema, 20, 

Oocculus, 390. 

Coccus, 356. 

Cochineal, 377. 
Coclimeal-insect, 877. 


Cochlearia, 398, 400. 
Gochleariinse, 404. 
Cock’s-comb, 369. 
Cock’s-foot, 294, 296, 
Cocoa-beans, 423. 
Cocoa-butter, 423. 
Cocoa-plum, 46*2. 
Cocoa-tree, 422. 

Cocoanut, 298, 300, 302. 
Coeoanut, Double, 301. 
Coeoanut-palm, 301. 
Cocoinese, 300. 

Cocos, 298, 301, 302. 
Codiacefie, 61. 

Codiolum, 59. 

Godium, 62. 

Coelastrum, 52. 
Coelebogyne, 432. 
Cosloglossum, 332. 
Ccelospermese, 493, 497. 
Co 3 losphffirium, 24. 
Coenobia, 47, 51. 
Gcienogoinuin, 142. 

Coffea, 550. 

Coffeem, 550. 

Coffee, 555. 

Coffee -plant, 550, 553. 
Coix, 293. 

Cola, 422, 423. 
Colchicacese, 309, 310, 
Colchicese, 310. 

Colchicin, 311. 

Colcliicum, 310, 311. 
Coleochsetaceae, 47, 57. 
Coleoehsste, 57,^ 58. 
Coieonema, 436. 
Coleorhiza, 293. 
Coleosporium, 147, 148, 
152,154. 

Coleus, 540, 541. 

Collema, 138, 142. 
Golletia, 448. 

Collinsia, 525. 

Oollomia, 515. 

Collybia, 171. 

Ooloeasia, 3^^3, 305, 306. 
Goloeynth, 481. , 

Colts- foot, 571.^ 
Columba-root, 390. 
Columbine, 382. 
Columella, 187, 189, 193, 
Columnea, 528- 
Columnifer^j, 421. 

Coins, 173. 

Colutea, 470,' 473. 
Comarum, 457,458. 
CombretacesB, 487. 
Oomfrey, 533. 
Comma-baciUuS) 40. 
Gommelina, 308. 
Oommelmace 0 &, 308. 


Commersonia, 422. 
Commiphora, 438. 
Conipass-piant, 572. 
Compositai, 556, 560, 561, 
563, 564. 

Comptonia, 350. 

Condurnn go-bark, 546, 

Cone, *235, 

Cone-scales, 256. 

Conferva, 54. 

ConfervoidKe, 47, 53. 
Conidia, 87, 90. 

Liberation and distri- 
bution of, 91. 
Conidial-layers, 88, 
Conidioearp, 89, 147. 
Conidio-friietincation, 87. 
Gonidiophore, 87, 88, 
Coniferse, 3, 237, 238, 25*3, 
255. 

Female flower of, 255, 
257. 

Pollination, 258. 
Coniocybe, 134. 

Coniuni, 494, 498. 
Conjugat^e, 1, 12, 14, 41, 
88 . 

Conjugation, 11. 
Connaracea), 435. 
ConocarpuB, 4S7. 
Conomitrium, 196. 
ContortjB, 505, 541, 549. 
Convallaria, 314, 316. 
Oonvallariaceai, 309,314. ■ 
Convallarieai, 314.^ 
Gonvolvulaceaj, 5, 515, 
522, 532. 

Convolvuleaj, 516. 
Convolvulus, 114, 516, 
517. ^ 

Co-operating cells, *248, 
Copaifera, 407, 468. 
Gopal-balsam, 468. 

Coper nicia, 300,Jh)l. 
Copper-beecb, 157. 
Coprinarius, 171. 

Coprinei, 172. 

Coprinus, 172. 

Coptis, 379, 332. 

Cora, 176. 

Gorallina, 79, 84. 
OoralUnaoea}, 84. 
Coralliorrhiza, 332. 
Gorallorhiza, 5, 332. 
Coral-root, 332. 

Corchorns, 424, 425. 
Cordaitacese, 271. 
Cordiaeeaj , 47-61 , 53 1 , 53-^. 
Oordyceps, 125, 127, 128. 
Cordyliiie, 316. 

“0ore^” 463. 
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Coriander, 497, 498. 
Coriandnmi,493, 497, 498. 
Cork-eim, Br52. 

Oork-oak, 348. 
Cormophyta, 1. 
Cormophytes. 234. 
Cornace®, 499, 549. 
Cornel, 490. 

Corn-cockle, 367. 
Corn-flower, 507, 
Corn-popp3’-, 395. 

Cornns, 490, 491. 

Corona, 317, 470. 
Coroniiia, 472, 473. 
Correa, 436. 

Gorrigiola, 3G5, 3G7. 
Corsinia, 100. 

CorsiniaeeBe, 190. 

Cortex angostnroe, 437. 
Corticium, 144, 101. 
Gortinarius, 171. 

Cortusa, 512. 

Corydalis, 334, 395, 396, 
397, 

Corylaeese, 341, 343. 
Corylns, 122, 343, 844, 
348. 

Coryplia, 298, 300. 
Coscinodisceis, 21. 
Coscinodiscus, 20. 
Coscinodon, 197. 
Cosmanthiis, 515. 
Cosmarium, 42, 43, 44. 
Costus, 320. 

Cotoneaster, 403, 405, 
Cotton ” 427, 429, 430. 
Cotton-grass, 286. 
Cotton-thistle, 570. 
Cotyledon, 451. 
Cotyledons, 247. 

Conch, 295. 

Conmarin, 290, 473, 553. 
Cover-scale, 255, 256. 
Cow-bane, 494, 498. 
Cowberry, 509. 

Cow- parsnip, 496. 

Cow- tree, 356. 

Cow-wheat, 526. 

“ Crab’s-eyes,” 470. 
Crambe, 400, 403, 
Craniolaria, 529. 
Crassula, 452. 
Crassnlacese, 451. 
CratfegesB, 465. 

Crat03gns, 152, 465. 
Craierellns, 162, ,172. 
Crateroeolla, 156. 
Crenothrix, 30, 37. 
Creosote, 438. 

? Crepis, 571, 

Creseentia, 529. 


Crinum, 318. 

Crocus, 320, 321. 
Cronartium, 146, 147,153, 
155, 156. 

Crotalaria, 472, 473. 
Croton, 431, 434. 

I Crowberry, 434. 

I Crown-imperial, 314. 

I Croxophora, 434. 

I Crucianella, 552v 
i Grucibnlum, 176. 
CrucifersB, 398. 

Crucifers, 398. 

Crucigenia, 51. 

Cruoria, 84. 

Cryptogams, 3, 234. 

Vascular, 2, 198. 
Cryptoglena, 15. 
Cryptogramme. 213. 

Crypt omeria, 267. 
Cryptonemia, 84. 
Cryptonemiales, 82, 84. 
Ctenanthe, 327. 

Gtenium, 295. 

Ctenomyces, 119. 

Cubeb, 363. 

Cucubalus, 367. 

Cucullus, 545. 

Cucumber, 481, 

Cucamis, 121, 480, 481. 
Cucurbita, 478, 479, 480, 
481. 

Gucurbiiacese, 475, 478, 
561. 

Gucurbitariacese, 130. 

' Cud- weed, 573. 

Cuminum, 497, 498. 
Cunninghamia, 263, 
Gunoniacese, 454. 

Cuphea, 482, 483. 
Cupressace?e, 257, 262, 

267 272, 

Cupressus, 241, 245, 268, 
269. 

Cupule, 343. 

Cuptiliferse, 341, 345. 
Curare, 546. 

Oureuligo, 318. 

Curcuma, 326. 

Curly-mint, 541. 

Currants, 447, 454. 
Curvembryje, 363. 
Cuscuta, 5, 515, 517. 
CuscuteiB, 516. 

“ Cushion, 206. 

Ousparia, 437. 

Ouspariese, 437. 

Cutleria, 68, 72. 
Gutleriacese, 11, 72. 
Cyanopiycese, 22, 
’^Cyanophyl!, 22. 


Cyanotis, 308. 

Cyathea, 214, 215. 
Cyatheaceas, 210, 21-5. 
Cyatbium, 432. 

Cyathus, 176. 

Cyeadaceaa, 252. 

Cycadeie. 3, 236, 252, 254. 
Cyeas, 25, 231, 236, 238, 
251, 252, 253, 254. 
Cyclamen, 334, 512, 513. 
Cyelantbaceas, 302. 
Cyclanthera, 481. 
Cyciolobeas, 371. 
Cyelosporess, 68, 73. 
Cydonia, 463, 464. 
Cyiindrocapsa,14, 55. 
Cylindroeapsacea3, 47, 54. 
Cylindrocystis, 44. 
Cyiindrospermum, 22, 25. 
Cymbella, 20, 21. 
Cymbelleje, 20, 21. 
Cymodocea, 281. 
Cymopolia, 63. 
Cynanebum, 546. 

Cynara, 570, 574. 

Cynarese, 569. 

Cynips, 355. 

Cynodon, 295. 
Cynodontium, 196. 
Cynoglossum, 533, 535. 
Cynomorium, 503, 504. 
Cynosurus, 294, 296. 
Cypeila, 321. 

Cyperacese, 277, 283, 284, 
291. 

Cyperus, 286, 287, 290. 
Cyphella, 162. 

Oyphiacese, 562. 

Cypress, 267, 268. 
Cypripedileffi, 329, 330. 
Gypripedilum, 330. 
Cypripedmm, 330. 

Cypsela, 564. 

Cyrtandre£B, 528. 
Cystoearp, 14, 58, 82. 
Cystoclonium, 83. 
Cystopteris, 214. 

Cystopus, 107. 

Cytinus, 503, 504. 

Cytisus, 472, 473. 

Dacrydium, 255, 260, 261. 
Dacryomitra, 158, 159. 
Dacryomyces, 134, 158, 
159. 

Pacryomycetacece, 159. 
Pacryomycetes, 96, 145, 
159. 

Pactylis,.287, 294, 296. 
Pactylocoecus, 51. 
Pcedalea, 160, 171. 



Bahlia, 569, 572. 

Daisy, 572. 

Dalbergia, 472. 

Daibergieaj, 472. 
Dalechampia, 434. 
Damasonium, 282. 
Danimara, 263. 

Danasa, 212. 

Dandelion, 571. 

Daphne, 449, 450. 
Darlingtonia, 409. 

Darwinia, 489. 
Das.yc3adace80, 63. 
Dasyxladus, 63.^ 
Dasyseypha, 135. 
Date-palm, 298, 299, 301, 
302. 

Date-plum, 511. 

Datisca, 477 
Datiscacese, 477. 

Datura, 519, 520, 522. 
Daueeas, 496. 

Daucus, 134, 492, 496. 
Davallia, 214. 

Davilia, 413. 

Deadly nightshade, 521. 
Dead-nettle, 538. 
Delesseria, 79, 80, 83. 
Delesseriace^, 83. 
Delphiniese, 383. 
Delphinium, 379, 383. 
Dendrobium, 332. 

Derbesia, 10, 60. 
Derbesiacese, 47, 60. 
Dermatea, 116, 134. 
Dermateaeese, 134. 
Dermateales, 134. 
Dermatophyton, 54. 
Dermocarpa, 25. 
Desmanthus, 475. 
Desmarestia, 71. 
Desmarestiace®, 71. 
Desmidiacese, 10, 18, 21, 
42, 44, 48. 

Desmidium, 44. 
Desmodiuin, 466, 472. 
Deutzia, 455. 

Devil’s-bit, 560. 

Dianthus, 364, 367. 
Diapensiace®, 509. 
Diatoma, 19. 

Diatomace^e, 10, 12, 14, 
19, 20, 21. 

Diatomese, 1, 18. 
Diatomin, 18. 

Diatoms, 1. 

Diatrypacese, 130. 
Diatrype, 1 30. 

Dicentra, 395, 396, 397. 
Diehaenacese, 132. 
Dxchelyma, 197. 


INDEX. 

Dichondrese, 516. 
Dichorisandra, 308. 
Dichospermum, 371. 
Dicksonia, 207, 215. 
Diclinous, 236. 

Diciiptera, 530. 
Dicotyledones, 3, 334, 
Dicranella, 196. 

Dicranum, 196. 

Dictamnus, 436. 
Dictyocbaceae, 15. 
Dictyonema, 176. 
Dictyosipbou, 71. 
Dictyosiphonaceje, 71. 
Dictyospheerium, 51. 
Dictyostelium, 8. 

Dictyota, 76. 

Dictyotacese, 76. 
Dictyotales, 1, 14, 76. 
Dicypelliuni, 392. 

Didiscus, 493. 

Didymium, 8. 
DieffenbacMa, 306, 

Di elytra, 395. 

Diervilla, 554, 556. 
Digitalis, 524, 525, 527. 
Digraphis, 295, 296. 

Dill, 496. 

Dillenia, 413. 

Dilleniaceas, 413. 
Dimorphanthus, 491. 
Dimorphochlamys, 481. 
Dinifera, 17. 
DinobryinacesB, 15. 
Dinobryon, 15. 
Dinofiagellata, 1, 14, 16, 
17, 18, 21. 

Dinophysis, 17. 

Diodia, 550. 

Dioecious, 236. 

Dionsea, 408, 

Dioon, 254. 

Dioscorea, 322, 323. 
Dioscoreaeese, 276, 309, 
310, 322. 

Diosma, 436. 

Diosmege, 436. 
Diospyringe, 505, 510. 
Diospyros, 511. 
Diphtheria, 40. 
Diphyscium, 197. 
Diplarrhena, 321. 
Diplecolobese, 400. 
Diplococcus, 39. 
Diploderma, 78. 
Diplostemonous, 335, 336. 
Diplusodon, 483. 
DipsacacesB, 549, 556, 658, 
559,560,569 
Dipsacales, 505, 556, 564 
Dipsacus, 569, 560, 


601 

Dipteroearpacefe, 415. 
Dipterocarpus, 41o, 
Dipteryx, 472, 473. 
Diseeiium, 197. 
Discolichenes, 142. 
Discomycetes, 95, 116, 132. 
Discosporangium, 70. 
Disease, 32. 

Disinfection, 32. 

Dispora, 36. 

Disticliium, 196. 
Doassansia, 110. 

Docidium, 44. 

Dock, 359. 

Dodder, 5, 516, 517. 
Dodecatheon, 513. 
Dog’s-tail, 294, 296, 
Dogwood, 490. 

Doiichos, 471. 

Dondia 493. 

Dorema, 496, 498. 
Doronicum, 240, 572. 
Dorstenia, 131, 354. 
Dothideacese, 131. 

Double Coeoa-nut 301. 
Doum-palm, 298, 801. 
Draba, 400. 

Draceena, 274, 316. 
Draegenese, 316. 
Dracoceplialum, 539. 
Dracunculus, 303, 305. 
Dragon’s blood, 301, 316. 
Dragon-tree, 316. 
Draparualdia, 54. 

Drhnys, 389. 

Drosera, 408. 

Droseraceje, 407. 
Drosophyllum, 408. 

Dryas, 458. 

Dryobalanops, 415. 
Dry-rot, 165, 166. 

Dry yeast, 179. 

Duboisia, 522. 

Duck-weed, 307. 
Dudresnaya, 84. 
Dumontia, 84. 
Dumontiaceie, 84. 

Durio, 427. 

Durra, 296. 

Dwarf-elder, 553. 

Dwarf -male, 57. 

Dwarf -palm, 300. 

Dyer’s Weed, 407, 472. 

Earth-nut, 472, 
Earth-star, 174, 

Earth -tongue, 136. 
Eating-chestnut, 346. 
Ebeuacese, 511. 

Ebony, 511. 

’Ecballium, 478, 480, 481. 



i Eruca, 402 
Ervum, 470, 473. 
Eryngium, 493, 569. 
ErysiminjB, 404. 
Erysimum, 402. 
Erysipliaeete, 119. 
Erysiphe, 119, 120, 121.. 
Erytbr£ea, 542, 543. 
Erythrina, 471. 
Er>tliromum, 312. 
Erytlirotrichia, 78. 
Erytbroxylaceaa, 442, 
Erytbroxyion, 442. 
EscallouiacejB, 454. 
EscalloniiB, 451. 

Eschalot, 312. 
Eschsholtzia, 393, 395. 
Esparto grass, 296. 
Euactjea, 379. 
Eiiaspergillns, 122. 
Euastrum, 44. 
i Eucalyptus, 489. 

E uebaridi urn , 485. 
Eucbaris, 317, 318. 
Enebl£ena, 293. 

Eueomis, 312, 

Eudorina, 48, 50. 
Eugeissonia, 301. 
Eugenia, 488, 489. 
Eugiena, 103. 

Eimotiea3, 21. 

Euonymus, 152, 444. 
Eupatorieie, 571, 572. 
Eupatorium, 569, 571. 
Eupbacidiacege, 133. 
Euphorbia, 148, 151, 430. 
432, 433. 

Eupborbiaceoe, 430. 
Eupborbium, 434. 
Euphoria, 441. 
Euidrrasia, 526. 
Eupodiscese, 21. 
Eurbyncbium, 197. 
Eurotium, 121, 122. 
Euryale, 386, 387, 388. 
Eusporangiataj, 202, 210 
239. 

Euterpe, 301. 

Eutbora, 83. 

Eutoca, 515. 

Evening Prmrose, 484. 
Evernia, 143. 

Evodia, 436. 

Evolvuius, 516. 
Exalbuminous, 249. 
Exidia, 156. 

Exoasei, 95, 115, 116. 
Exobasidiiim, 160, 161. 
Exochorda, 457. 
Bxospore, 87, 187. 
Exosnemma, 553. 
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Fucus, 13, 73, 74, 75. 
FuligOi 6, 8. 

Fumago, 124. 

Fiimaria, 390, 397. 
Fumariaceje. 395. 
Fumitory, 395. 

Futiaria, 182, 188, 197. 
Funariacero, 197. 

Funckia, 3 1 2 , 313, 314. 
Fundaments, 90. 

Fungi, 1, 4, 5, 8, 84. 
Fungi-galis, 85. 

Fungi Imperfeeti, 90. 
Fungus ohiruvgovum, 104. 

laricis, 164. 

Funicle, 241. 

Furcellaria, 79, 84, 

Furze, 472. 

Fusicladium, 130, 


Gagea, 312. 

Gaiiiardia, 572. 
GalactodenOxon, 350. 
Galangal, 326. 

Galantliiis, 317, 318. 
Galaxaura, 83. 

Galaxia, 321. 

Gaibanum, 498. 

Galega, 470. 

Galeobdolon, 538. 
Galeopsis, 538, 540. 
Galinsoga, 672. 

Galipea, 437. 

Galium, 552, 563. 
Gaipbimia, 442. 

Ganibier, 553. 

Gamboge, 414. 
Gamrbo-hemp, 430. 
Gametangium, 12. 

Gamete, 11. 

Ganietopliore, 183. 
Gametopbyte, 181. 
Gamopetalie, 33(5. 
Garcinia, 414. 

Garden- cress, 405. 
Gardenia, 550. 

Gardenieje, 550. 

Garidella, 383. 

Garlic, 312. 

Garrya, 491. 

Gasteria, 312. 
Gasterolicbenes, 176. 
Gasteromycetes, 90, 345, 
173. 

Gastonia, 491. 

Gauitberia, 508. 

Gaura, 485. 

Geaster, 174. 

, Gelidiaeeje, 83. 

Geiidium, 83, 84# 


Fission-Fungi, 26, 29.' 
Fission-pbints, l(j. 
Fistulina, 166. 

Flag, 820. 

Flagellata, 48. 

Flagellatsa, 15. 

Flax, 417. 

Flea-bane, 573. 

“ Fleur de vin,” 179. 
Floral-leaves, 235. 
FlorideiB, 9, 10,77, 78. 
Flower, 235. 

Monocotyledonous, 276. 
Floweriny-plants, 3, 249 
Flowering-rusb, 281, 
Flowers-of-tan, 7. 

I Fly-mould, 101. 

Fly- mushroom, 167, 171. 
Fly-trap, 408. 

Foeniculmn, 495, 498. 
Foliage-leaves, 235. 
Fontinalaceie, 197. 
Fontinalis, 197, 
Fool’s-parsley, 495, 498. 
Foot, 186. 

Fore-leaf, 275, 334. 
Forget-me-not, 334. 
Forskohlea, 353. 
Forsythia, 546, 547. 

Fossil Gymnosperms, 271. 
Fothergilla, 455. 
Fourcroya, 318. 

Fovea, 231. 

Foxglove, 525. 

Fox-tail, 294, 29", 369. 
Fragaria, 458, 461. 
F’ragilariece, 21. 
Franciseea, 521. 
Francoaeese, 454. 
Frangulinjo, 443, 449» 451, 
490. 

Frankeniacess, 411. 
Frankincense, 438. 
Fraxinus, 122, 130, 540, 
647. 

Freneb-bean, 473. 

French Bose, 460. 
Frey'cinetia, 302. 
Fritillaria, 312, 313, 314. : 
Frog-bit, 282, 

“Fruit,” 91. 

Fruit, 249. 

Fruit-bearers, 91. 
Fruit-bodies, 91. 

“ Fruit-forms,” 91. 
Frullania, 191,, 192* 
Frustule, 18. 

I Frustuiia, 20. 

Fucacese, 75. 

I F’ucbsia, 484, 486. 

I Fueoidese, 9. 


Exuviella, 16, 17, 18, 21. 
Eye-briglit, 526. 
“'Eye-spot,” 10. 


Faba, 468, 470, 473. 
Fabiana, 521. 

Fabroniaeese, 197. 

“ Faebel,” 284. 

Facultative parasites, 84. 
Fagoiiia, 438. 

Fagus, 122, 347, 348. 

“ Fairy -rings,” 86, 136. 

163, 168. 

Falearia, 494. 

“Fan,” 284. 

Fan-palm, 298. 

Farinosese, 308. 

Fatsia, 491. 

I’eatber-grass, 294. 

Feather palm, 298. 

Fedia, 557. 

Fegatella, 191. 

Fennel, 492, 495,498. 
“Ferment of wine,” 178. 
Fermentation, 32. 

Alcoholic, 97. 

Ferns, 2. 

Stem of, 202, 204, 205. 
True, 204, 205. 

Water, 205. 

Yarious, 208. 

Ferraria, 321. 

Ferula, 496, 498. 

Fescue, 293, 296. 

Festuca, 293, 296. 
FestueesB, 293. 

Fevillea, 478, 481. 

Ficaria, 334, 383. 

Ficus, 351, 354, 355, 356. 
Field-borsetail, 224. 
Field-madder, 552. 
Fieid-tiiistle, 151. 

Fig-wort, 524. 

Filago, 573. 

Filament, 238. 

Filbert, 345. 

Filiees, 204, 205. 
Systematic division of, 
210 . 

Filicince, 2, 204, 205, 234, 
236, 239. 

Fiori di fico, 355. 

Fiorin, 294. 

Fir, 124, 153, 155, 165, 
170, 263, 264, 265. 
Fir-cones, 163. 
Firneedle-rust, 152. 
Fissidens, 196. 
Fissidentacese, 196. 
Fission-Algse, 1, 14, 22, 
29. 
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G-enipa, 5o0. 

Genista, 471, 473. 

Geiiisteae, 471. 

Gentian, 542. 

Gent i ana, 542, 543. 
Geniianacess, 542. 
Gentianeag, 542. 
Geogiossum, 136. 

Geouoma, 301. 

Georgiaceae, 197. 
Geraniaceai, 418. 

Geranium, 419. 

Germ-pores, 93. 

Gesneria, 528. 

Gesneriacese, 518, 526, 

■ 528. 

Gesneriege, 528. 

Geum, 458, 460. 

Gigartina, 83, 84. 
Gigartinacege, 83. 
Gigartinales, 82, 83. 

Ginger, 326. 

Giiia, 515. 

Gillenia, 457. i 

Gills, 166. 

Ginkgo, 255, 257, 259, 
260, 272. 

Gipsy-wort, 539. 

Gladiolus, 321. 

Glanduise, 329. 

Glasswort, 371. 

Glauciuni, 394, 395. 
Glaucocystis, 22, 24. 

Glaux, 513. 

Gleba, 172. 

Gleehoma, 539, 541. 
Gleditsehia, 468. 
Gleiclienia, 215, 
Gleiclieniaeege, 215, 236. 
Glenodinium, 17. 

Globba, 326. 

Globe-thistle, 570. 
Giobiilaria, 541. 
Giobuiariacese, 532, 541., 
GloBOcapsa, 24. 
Gknotrichia, 25. 
Gloiopeltis, 84. 
Gloiosiphoniacees, 84. 
Gloxinia, 528. 

Glume, 287. 

Glumiflorse, 277, 283. 
Glyceria, 113, 290, 294, 
296 . 

Glycine, 471. 

Glycyrrhiza, 470, 473. 
Gl.vptostrobus, 267. 
Gnaphalium, 569, 573. 
Gnetaceas, 3, 251, 271, 272. 
Gnetese, 252, 270, 

Gnetum, 271, 

Gnidia, 449. ' 


INDEX. 

Gnomonia, 130. 
Gnomoniaceaj, 130. 
Goat’s-beard, 571. 

Godetia, 485. 

Godiewskia, 25. 
Golden-currant, 455. 
Golden-rod, 573. 

Golden Saxifrage, 452. 
Goldfussia, 530. 
Gold-of-pleasure, 401. 
Gomontia, 58. 
Gomontiaceaa, 47, 58. 
Gomphonema, 19. 
Gomphonemese, 20, 21. 
Gomphospliajria, 24. 
Gomphrena, 368, 369. 
Gonatozygon, 44. 
Gongrosira, 54, 

Gonidia, 138. 
Gonimoblast, 82. 
Goniotrichacege, 78. 
Goniotrichum, 78. 
Gonium, 48. 

Gonococcus, 39. 
Gonolobus, 546. 

Goodenia, 564. 
Goodeniaceae, 563. 
Gooseberry, 455. 
Goosefoot, 369. 
Gossypieas, 427. 
Gossypiiim, 427, 429, 430. 
Gouania, 448. 

“ Gourds,” 481. 
Gout-weed, 494. 
Gracilaria, S3. 

“Grains of Paradise,” 
390. 

Graminege, 277, 283, 287. 
Grai^e-disease, 121. 
Grapbiola, 110. 

Grapliis, 140, 142, 
Grasses, 287. 
Grass-flower, 290, 291. 
Grass-fruit, 292. 

Grass of Parnassus, 453. 
Grass-wrack, 279. 
Grateloupiaceas, 81. 
Gratiola, 525, 527. 

Green Algae, 1, 14. 

“ Greenheart,” 393. 

. Grevillea, 450. 

Griflithsia, 84. 

Grimmia, 197. 
Grimmiaceae, 197. 
Oronovia, 476. 

Ground Ivy, 539. 
Groundsel, 153, 572. 
Grumales, 416. 
Guaiacum, 438. 

Guano, 20. 

Guava, 489. 


Guava-rum, 490. 
Guazuma, 422. 
Guelder-rose, 455, 555. 
Guepinia, 159. 
Guinea-corn, 296. 

Guinea Pepper-plant, 521. 
Guizotia, 574. 

Guif-weed, 75. 
Gum-arabic, 475. 
Gum-benzoin, 511. 
Gum-tragaeanth, 473. 
Gum-trees, 490. 

Gunnera, 25, 482, 485, 
486. 

Guttapercha, 511. 
Guttiferge, 414. 
Gymnadenia, 332. 
Gymnoascacese, 119. 
Gymnoaseaies, 95, 116, 
118. 

Gymuoascus, 119. 
Gymnodinium, 17. 
Gymnogramme, 214. 
Gymnospermae, 2, 234, 
239, 250, 251. 
Gymnosperms, 244, 246. 
Fossil, 271. 

Gymnosporangium, 146, 
147, 151, 154. 
Gymnosporeae, 82. 
Gymnostomum, 196. 
Gymnozyga, 42, 44. 
Gynandrae, 278, 328. 
Gynandropsis, 405, 406. 
Gynerium, 294, 296. 
Gynoeceum, 237. 
Gynophore, 367. 
Gynostemium, 329. 
Gysophila, 368. 


Habenaria, 332. 

Hablitzia, 370. 
Habrothamnus, 522. 
Hacqiietia, 493. 
Hjemantbus, 317, 318. 
Hsematoxylon, 467, 408. 
Hsemodoraceae, 320. 
Haemodorum, 320. 
Hagenia, 460. 

Hair-grass, 294. 

Hakea, 450. 

Halesia, 511. 

Halianthus, 366, 

Haiidrys, 73, 75. 
Halimeda, 62, 63. 
Halimus, 371. 

Halophila, 283. 
Haloi'agidacese, 482, 485, 
486. 

[ Haloragis, 486. 
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Hemerocallideae, 312. 
Hemerocallis, 312, 313, 
314. 

Hemiasci, 95, 108. 
Heinibasidii, 95, 108, 109. 
HemicblaTnydeoTis, 257. 
Hfmileia, 155. 

Hemlock, 494, 498. 
Hemp, B5B, 529. 
Hemp-agrimony, 571. 
Hemp-nettle, 538. 
Henbane, 521. 
Henriqnezia, 549. 
Hepaticio, 2, 188. 

I Hepialns, 128. 


Holly, 444. 

Hollyhock, 151,430. 
Holoehlamydeous, ‘256. ^ 
Holosteum, 366. 

Homalia, 197. 
Homalotheeium, 197. 
Homocyste^, 24. 
Homoiomeroiis, 138. 
Honckenya, 366. 

Honesty, 400. 

Honey-dew, 126. 
Honey-leaves, 379. 
Honeysuckle, 553, 554. 
Hookeriacese, 197. 

Hop, 124, 356, 357. 

Hopea, 415. 

Hoidese, 295. 

Hordenm, 291, 296. 
Horehoimd, 538. 
Hormidium, 54. 
Hormogonia, 10, 24. 
Hornbeam, 157, 343, 344. 
Horned Pond-weed, 279* 
Horn-nut, 485. 

Horn-poppy, 395. 
Horn-wort, 388. 

Horse-bean, 470, 473. 
Horse-chestnut, 440. 
Horse-radish, 400, 405. 
Horsetails, 2, 204, 221. 
Hosta, 312. 

Hoteia, 452. 

Hottonia, 512. 
Hound’S'tongue, 533. 
House-leek, 452. 
Houttuynia, 359, 362. 
Hoya, 546. 

Humiriaeese 421. 

B, 133. Humulus, 121, 357, 358. 

Vascular Hura, 432. 

,200. Hyaeinthese, 312. 

Hyacinthus, 312, 313, 314. 
Hyalo theca, 42, 44. 

JO. Hydnace£e, 162. 

Hydnophytum, 550, 553. 
Hydnora, 504. 

296. Hydnum, 162. 

5,114. Hydra, 9. 

Hydrangea, 4o5. 
Hydrangeaceie, 455. 

0. Hydrastin, 385. 

Hydrastis, 381. 

444 . Bydriila, 283. 

2. Hydrocharis, 28*3. 

r Hytocharitacess, 278, 

282. 

Hydi'oeleis, 281. 

g 5 Hydroootyle, 491, 493. 

JO.’ HydrocotyleJB, 493. 

HydrodiotyaceiB, 47, ol. 
e, . ■ Hydrodictyon, 9, 52. 


Halymema, 84. 
Hamamelidace^se, 4rja. 

Hamamelis, 455. 

Hamelia, 550. 

Hankornia, 544. 
Hapalosiphon, 26. 
Plaplomitriurn, 192. 
Haplospora, 72. 

Haptera, 4, 10, 
Hard-fern, 214. 
Hare's-ear, 494. ^ 
HarPs-tongue, 214. 
“Harzsticken,” 169. 
Haschisch, 358. 
plassalia, 26. 

Haustoria, 86. 

Hawkbit, 571. 
Hawksbeard, 571 . 
Hawthorn, 465. 
Hay-bacilliis, 37, 38, 39. 
Hazel, 526. 

Hazel-nut, 343. 

Heal-all, 539. 

Heath, 507. 


Heracleum, 492, 496. 
Herb-Paris, 314. 
Heritiera, 422. 
Hermannia, 422. 
Hermaphrodite, 236. 
Herminium, 332. 
Plermodactylus, 321. 
Hernandia, 392. 
Herniaria, 365, 367. 
Herpestis, 525. 


Hebenstietia, 541. 

Hechtia, 319. 

Hedera, 491. 
Hedge-mustard, 402. 
Hedge-parsley, 497. 
Hedwigia, 197. 

Hedycarya, 389. 
Hedychium, 326. 
Hedyosmum, 363. 
Hedysarese, 472. 
Hedysaruni, 472, 473. 
Helenium, 572- ^ 
Heleocharis, 285. 
Helianthese, 572, 573. 
Heliantbemnin, 412. 
Plelianthus, 569, 572, 574 
Helichrysum, 573. 
Heliconia, 325. 
Helicoiiise, 325. 
Helicopbyllum, 303. 
Helicteres, 422. 
Heliopbilins, 404. 
Heliotropiese, 533. 
Pleliotrophim, 533, 535. 
Hellebore, 382. 
Helleboreoe, 381. 
Helleborus, 379, 380, 382, 
Helmintbocladiacese, 83. 
Helobieje, 277, 278. 
Helosciadium, 494. 
Helosis, 504. 

Helotiacese, 135. 
Helotium, 135. 

Helvella, 136. 
Helvellacese, 136. 
Heivellales, 95, 116, 136. 
Helwingia, 491. 


Herposteiron, 54. 
Herpotrichia, 129. 
Heaperidese, 404. 


HesperidinsB, 404. 
Hesperis, 400, 402. 
Heteranthera, 316. 
Heterobasidion, 145, 165. 
Heterocyste^, 24. 
Heterocysts, 22. 
Hetercecious, 148. 
Heteromerous, 1 38. 
Heteropteris, 442. 
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Jateorliiza, 390. 
Jatropiia, 431. 
Jeciuirty, 470. 


Ilex, 444. 
Illecebruin, 367. 
IlliciesB, 389. 
Illicium, 389. 
Irnpatiens, 421. 


Hydrolea, 51.5. ^ ^ ! 

H vdrophyllacea!, 515. 
Hydropteridess, 205, 215, 
*239. 

Hydrnracea), 16. 

Hydrurns, 16. 

Hygrophorei, 172. 
Hygrophorus, 172. 
Hyiocumiint!, 197. 
Hyineuaja, 468. 
Hymeniimi. 88. 
Hymenogaster, 174. 175, 
176. 

Hymenogastraceee, 176. 
Hynienoliclienes, 176. 
Hyiuenoinycetes, 96, 145, 
159. 

Hymenophore, 159. 
Hymenopliyllaceai, 206, 
210, 215. 

Hymenophyllnm, 215. 
Hyoscyamine, 522. 
Hy^oseyamiis, 518, 519, 

520, 521, 522, 523. 
Hypecoum, 305, 396. 
Hypericaceaj, 413. 
Hypericum, 413, 414. 
Hypha, 85. 

Hyph83-like threads, 9. 
Hyplisene, 298, 301. 
Hyplioloraa, 171. 
Hypnacete, 197. 

Hypuuin, 47, 190, 197. 
Hypobasal, 186. 
Hypochecris, 571. 
H>poebims, 161. 
Hypocreace®, 125. 
HypQcreales, 125. 
Hypodcrma, 132. 
Hypodermacese, 132. 
Hypomyces, 125. 
Hyporbodius, 171. 
Hypotlieeium, 132. 
Hypoxidfse, 317. 

Hypoxis, 318. 

Hypoxylou, 131. 
Hypsopbyllary leaves, 235. 
Hyssop, 540, 541. 
Hyssopus, 540, 541. 
Hysteriaeere, 132. 
Hysteriales, 95, 116, 132. 
Hysterium, 132. 
Hysteropbyta, 498. 

Iberis, 398, 400, 401. 
IcaemacejB, 439. 
Icelaiiddichen, 142. 

' , Iceiand-m.oss, 143. 

Ice-plant, 375. 

; 1 . Icioa, 438. 

% Iguatius-beaus, 546. ; 


Jerusal ein - Artielioke, 
572, 574. 

Jonquil, 318. 
Judas’-ear, 156. 
Judas-tree, 468. 
Juglandaeeai, 337, 349, 


Imperatoria, 496, 498. 
Ineensi^, 438. 
Indian-corn, 293. 
Indian-cress, 420. 
Indigo, 470, 473. 


Juglandifloroi, 349 
Juglans, 349, 35l). 
Juncacese, 277, 2!; 


Indigofera, 470, 473. 
Indiisium, 210. 
Inflorescence of 


Juncaginacece, 278. 
Juncns, 283, 284. 
Jungermannia, 191, ' 
Jimgerniannieae, 191 


Infusoria, 9. 

Inga, 473, 475. 
Integuments, 242. 

Inula, 569, 573, 574. 
Inulin, 574. 

Involucre, 189. 
Involution-forms, 36. 
lonidium, 4L0. 
Ipecacuanha, 553. 
Ipomsea, 515, 517. 
IridacesQ, 277, 310, 320. 
Iris, 276, 291, 320, 321. 
Irish-moss, 84. 
Iron-bacteria, 33. 
Iron-wood, 339, 511. 
Irpex, 163. 

Isactis, 25. 

Isaria, 127, 128. 

] satis, 403, 404. 

Isnardia, 485. 

Isoetacese, 230. 

Isoetes, 200, 202, 204, 
228, 230, 245. 

fertilisation 


Isogamous 


Isolepis, 287. 
Isonandra, 511. 
Isopyrum, 382, 
Isosporous Vasciil 
Cryptogams, 200. 
Isotbecium, 197. 
Isotoma, 563. 

Ivv, 491. 

Ixia, 321. 

Ixora, 550. 

Jacaranda, 529. 

Jack, 356. 

Jacquinia, 513, 

Jalap, 517. 

Jambosa, 488. 
Japanese wax, 439. 
Jasione, 541, 561, 562. 
Jasminacese, 541, i 
54T. 

J^mim, 547. 

^ 'Jfaminipa,,547.‘ 
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Ligule, 283. 

Liguliflorse, 570. 
Ligustrum, 547. 

Lilac, 547. 

Lilsea, 279. 

LiliacejB, 274, 309, 311. 
Lilies, 311, 314. 

Liliifiorsa, 278, 309. 
Liiium, 245, 312, 313. 


Lily of tlie ‘Valley, 314. 
Lime, 165. 

Limnantliaceco, 421, 
Limnanthernum , 543. 
Limnanthes, 421. 
Limnocliaris. 281. 
Limodorum, 331. 

Limonia, 437. 

Limosella, 525. 

Linacese, 417. 

Linaria, 523, 525, 527. 
Lindera, 393. 

Ling, 507. 

Linnsea, 555. 

Linnffiea, 555. 

Linociera, 547. 

Linseed, 418. 

Linum, 417, 418. 

Liparis, 332. 

Lippia, 535. 

Liquidambar, 455. 
Liquorice, 470, 473. 
Liriodendron, 388. 

Listera, 331. 

Litehi, 441. 

Lithoderma, 71. 
Lithodermatacesc, 71. 
Litbophyllum, 84. 
Litbospermnm, 533. 
Litbotbamiiion, 80, 84. 
Littorella, 530, 531. 
Liverworts, 2, 181, 188. 
Livistona, 298, 299, 300. 


Lloydia, 312. 
Loasaceoe, 476. 
Lobelia, 562, 563.^ 
Lobeliaceae, 335, 562, 
Lobeline, 563. 
Locbnera, 544. 
Locusts, 468. 
Lodicules, 288, 291. 
Lodoicea, 30i. 
Loganiacefe, 542, 54( 
Logwood, 4H8. 
Loiseleuria, 509. 
Loiium, 295, 296. 
Lomandra, 312. 
Lomaria, 214. 
Lomentaceffi, 403. 
Lomentaria, 83. 
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Lonieera, 553, 554, 556. 
Lonicerece, 549, 553. 
Long-pepper, 3f33. 
Loose-strife, 482. 
Lnpezia, 484, 485. 
Lophiostomacese, 130. 
Lophoeolea, 192, 
Lophoderminm, 132. 
Lophospermum, 525. 
Lo(iuat, 465- 
Loranthaceffi, 501. 
Lorantlioidese, 501. 
Loranthus, 504. 

Lotese, 471. 

Lotus, 471. 

Louse-wort, 526. 
Love-m-tlie-mist, 3S2. 
Lucerne, 473, 529, 
Luciima, 511. 

Luehea, 424, 425. 

Liiffa, 481. 

Lunaria, 400, 401. 
Lung-Lichen, 143. 
Lung-wort, 533, 
Lunularia, 191. 

Lupin, 472. 

Lupinus, 472. 

Luzula, 283, 284. 
Lychnis, 365, 367. 
Lychnothamnus, 67. 
Lycium, 521. 

Lycogala, 6, 8. 
Lycoperclacese, 174. 
Lycoperdou, 174. 
Lycopersicum, 521, 522. 
Lycopodiacere, 202, 226. 
Lycopodieae, 205, 226. 
Lycopodinffi, 2, 205, 226, 
228, 234, 235, 236, 
240. 

Lycopodium, 200, 226, 

227, 228, 233. 
Lycopsis, 534. 

Lycopus, 636, 539. 
Lygeum, 293. 

Lygodium, 213. 
Lyme-grass, 296. 
Lyngbya, 24. 

Lyngbyacefe, 22, 24. 
Lyonia, 508. 

Lysimachia, 47, 151, 513. 
Lysipoma, 563. 
Lythraoese, 482. 

Lythrum, 482, 483, 


Macrosporangium, 241, Maranta, 327. 

243. Marantacea3, 277, 327. 

Macrospore, 200,242,243, Marasmiei, 171. 

245, 246. Marasmius, 168, 171. 

Macrocystis, 72. Marattia, 212. 

Macrozamia, 254. Marattiacese, 209, 210, 212, 

Madder, 552, 553. 236. 

Madia, 574. Marcgraviacefe, 415. 

Madotheca, 192. Marchantia, 181, 183, 184, 

Mad- wort, 534. 190, 

Maesa, 513. Marehantiacese, 190. 

Magnolia, 389. Marchantieae, 190. 

Magnoliacefs, 388. Mare’s-tail, 486. 

Magnolieee, 388. Marigold, 572. 

Mahernia, 422. Marjoram, 539, 541. 

Mahogany, 436. Marrow, 480. 

Mahonia, 149, 390. Marrubium, 538. 

Maiden-hair, 206, 213. Marsilia, 216, 217, 219, 

Maize, 289, 293, 296. 220, 245. 

Maize-blight, 113. Marsiliacese, 210, 218, 239. 

Majanthemum, 309, 314. Marsh Cinquefoil, 458. 

Malaehium, 366. Marsh-marigold, 382. 

Malachra, 428.* Martynia, 529. 

Malaxis, 332. Masdevallia, 332. 

Malcolrniinse, 404. Massariacese, 130. 

Male-Fern, 214. Massulse, 331. 

Mallow, 425. “ Mast,” 347. 

Malope, 429, 430. Mastic. 439. 

Malopese, 428. Mastigobryum, 192. 

Malpighiacese, 442, Mastigoeoieus, 24. 

Malpighia, 422. Mate, 445. 

Malt, 296. Matico, 863. 

Malus, 152, 463, 464, 465. Matricaria, 572, 574. 

Malva, 426, 428, 429, 430. Matthiola, 400, 402. 
Malvaeeffi, 425. Manrandia, 525. 

Malvese, 428. Mauritia, 301. 

Vlalvaviscus, 428, Maxillaria, 332. 

Mamme, 355. May, 465, 

Mammea, 414. Mayacacess, 308. 

MammilliE, 377. Maydea 3 , 293. 

Mammillaria, 375, 377, Meadow-grass, 151, 294, 

Mammoni, 355. 296. 

Vlancinil-tree, 432. Meadow Eue, 385. 

^landragora, 522. Meadow-sweet, 4,57. 

Mandrake, 522. Mecca-halsam, 438. 

Manettia, 550. Meconopsis, 395. 

Mangifera, 439. Medicago, 471, 473. 

Manglesia, 450. Medick, 471, 473. 

Mango, 439. Medinilla, 484. 

Mangold, 369, 372. Medlar, 465. 

Mangosteen, 414. Meesea, 197. 

Mangrove, 486. Megaoarpsea, 400, 401. 

Manihot, 431, 434. Melaleuca, 489. 

Manilla Hemp, 325. Meiampodium, 572. 

Maniok, 434. Melampsora, 1 47, 152, 15S. 

‘ Manna,” 547. Melampsorelia, 147. 

Manna Ash, 546, 547. Melampyrum, 526. 

Manna-grass, 296. Melanconidace^, 130. 

Manpa-lichen, l-i2. Melandrium, 367. 

Man^i't,.72, Melanogaster, 176. 

Maple, 442. [ Melanommacese, 30. 


Maba, 511. 
Machserium, 472, 
» Mace,” 393. 
Macleya, 305. 
Madura, 354, 356. 
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Kettle, 351, 352, 353. 
Keurade^, 457. 
Keuwiedia, 329. 
Nicandra, 519, 522. 
Kicotiana, 520, 522. 
Kicotine, 522, 


(EdogoniuBi, 10, 11, o5, ob. 
QBnautiie, 495, 498. 
CEnotliera, 484, 485, 486. 
CBnotheracese, 484. 

Gidia, 90. 

Oidium, 121, 179. 

Oidium forms, 179. 
Oil-tuould, 99. 

Oil'palm, 301. 

Olea, '547. 

Oleacese, 541, 542, 546. 
Oleander, 544. 

Oligbrus, 166. 

Olive, 547. 

Olive-brown Seaweeds, bo. 
Olive Oil, 547. 
Olpidiacese, 103. 


Olpidieje, 103. , , 

Olpidium, 103. 

Oly 1*683, 296. 

Ompbalodes, 533, 534. 
Onagracese, 484. 
Oneiditim, 332. 

Onoobyrsa, 24. . 

Onion, 312, 

Onobryebis, 472, 473. 
Ononis, 471. 

Onopordon, 570. 
Ooblastema-filaments, 82. 
Oocystis, 51. 

Oogamons fertilisation, 15. 
OoRoninm, 13. 

Oomycetes, 95, 96, 100. 
Oopbyte, 181. 

Oospliere, 13, 248. 
Oospore, 14. 

Operculum, 193. 
Opbiocytium, 51. 
Opbioglossacese, 209, 210 
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Passion-flower, 476. 

Patellaria, 

Patellariace©, lo4. 

Patellea, 164. 

Paternoster peas, 470. 

Patliogonic Bod'Baot«na» 

39. “ 

Patrinia, 557. 
paullinia, 441. 

Paulo wnia, 527* 

, Pavonia, 428. 

I Paxillei, 172. 

Payena, 511. 

Paypayrolese, 411. 

Pea, 470. 

Peach, 117, 121, 461. 

Pear, 130, 461, 466. 

PedagnuoU, 355. 

Pedaliaceas, 518, 529. 

Pediastram, 52. 

Pedioularis, 151, 5ip^ , - „ , , 

Peganum, 438. 

Pelargonium, 418, 4i^. 
PelioLnthes, 320. 

Pellia, 191* , '' 

Pellitory, 353. 

Peltigera, 143. 

Pelvetia, 73. 

penicillium, 122, 12S. 

■ Peninm, 43r 

L Pennisetum, 2^. , . 

Penny-cress, 401. , , ' 

Penny-wort, 

Pentacyclic^, 505, 50o. 
Pentade^a, 414. ' . ' 
Pentopera, 506. 
pentstemon, 534, * . 

Peplis, 47, 483. 

Pepper, .361. . 

Peppermint, 541. 
peperomia, 361, 

Peppeiw'ort. 401. , 

pereskia, 375, 376. 

perianth, ;235- ^ , , 

49, periohsBtium, 13^- 

Pencarp, 240. 

Peri callis» 574* ■ , > > 

Peridermium, 14 / , i* » 

153, 154, 155, 150. 
Peridinea, 1. 14, 17. 

•peridit^i^i 1-9.^ .y 

peridinimn, 17, 

ISato’Sas.m. 

Perigyninm. 189- 

PerS.641ta . 

periphysee, W. 

Penplaam. 
periplO(m, 54b. 


n I Palm-wine, 301, 

reobolus, 2b6. Palmyra-palm, 301. 

)rnithopus, 406, 47 - paneratium, 317. 

)robancli6, 334, 528, o-O- 302. 

Jrontie®. 303. Pandannsv 302. ■ 

Drontium, 304. Pandorina, 45, 48. 

Orns-root, 321. Panice®, 295. 

Orseille, 142. Panicum, 295, 296. 

Orthoplooe®. 400. ^ 

Ortbosperme®, 493. 171, 

Ortbotheemm, 197. Papaveraoe®, 394. 

Ortbotnohum, 197. ■ ^^^^^,394,395. 

Ortbotropous, 242, 2 13. rap ^ 

Oryza,293 lapayace®, 476. 

Oryze».,298- ^ Paper-mnlberry tree, 8! 

Oscillaria, 10, 

37. ' Papilionaoese, 335, 468. 

Oscillariaeese, 24. Pappus, 564, 566. 

Osiers, 152. PaPYrus, 287* 

Osmunda, 209, .-15. Paradise apple, 466. 

Osmundaee®, 209, 2iJ, „ 473. 

21 o. Paranbyses, 88- 

Ostioles, 78. Paraguay tea, 445. 

Ostropa, 130- Parasites, 6. _ 

Ostropace®, 133. Parasites, endopbyUo, 

03tr.ya, 345. endozoio, 86. 

■ Osyris, 600. epiphytic, 85. 

Ouratea, 489. epizoic, 85. 

Ouvirandra, 281. facultatiTe, 84. 

Ovary, 3, 2^< 250. x. obligate, 85. 

Ovule, 241, 257 pathogenic, 86. 

Ovulilerous s^le. 256, 257. ^ Bacteria, 38 

Osialidaccfie, 41b. ^ Parasol-fungus, 171. 

Oxalis, 41b. 1 p^riana, 291. 

Ox-eye, o72. | pg^^ietaria, ^3. _ 

OxslipT nrjA i Palis, 309, 314, 316. 

Oxybaphus, br - j pj^^.ifciuin;430. 

Oxycoccus 609, olO.. 

Oxyria, 3 d 0. parmeli^» 140, 14:1> 

Oyster Mushroom, l/i. » 

T^ ;!• Pamaesia, 453. 

Padina, /o. Paronychia, 3bo* do < 

Poeonia, 01^1 o * paronychiem, 3bo. 

pseonie®, 3 • j parrotia, 455. ' 

Papalantbus, 309. Parsley, 494, 498. 

Pala™. 511. ■ pS,492.496, 4! 

Palava, 4’--9- parthenogenesis. B 

pale®, 2W. . Pasanfia,.346 348. 

Pales, 288. Psspalum, 295. 

Palisander-^ou, o- . Pasta suarana, 441 

- paliurus', 448. Pastinaca, 493, 496 

T)niv« 975 276, 297. t. Aid 
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Pilea, 353. 

Pilobolus, 99, 100. 

301, Pilostyles. 504. 

Piiularia, 216, 220. 

Pimelea, 449. 

Pimenta, 489. 

Pimento, 489. 

Pimpernel, 513. 
l^impinell, 498. 

Pimpinella, 494, 498. 

Pine, 127, 153,- 161, 165, 

255, 263, 266. 

Pine*apple. 320. 

Pine-sboot Fungus, 152, 
Pinellip,, 305. 

95, Pinguioula, 334, 528. ■ 

Pink, 367. 

Pin-mould, 99. , . 

Pinnularia, 19. 

Pinus, 129, 132, 153, 155, 

165, ' 264,- 265, 266, ^ 

267, 272, 

Pinoide80. 256, 258, 259, g 
■ 262, : ” 'J' 

Pipe-flower, '500. ti 
Piper, 361, 363. - 
Piperacese, 361* 

Piperese, 861. ' 

Piptocepbalidacpe&, lOO. ^ 

Piptocapnalis, 100. 

Pircunia, 372. 

Pisonia, 374. 

Pistia, 306. 

Pistaoia, 439. " , ; 

Pistil, 239. 

Pistillaria, 161. 

Pistillate, 236. 

Pisum, 469, 470, 473, 
Pitcairnia, 320. 

Pitcber-plant 409. 
Pittosporaceee, 451, 455. 
Pittosporum, 455. 

Placenta, 237, 241. 
Placochromatic80, 21. 

, PlagiocMla, 189, 192. ' , 

I Plagiothecium, 197. 


Perisporiales, 95, 116, 

1 18 119. Phcenicese, 299. 

Peristome, X95. Phoeuix, 298, 299, 

Peritheeia, 125. ?02. 

Periwinkle, 643, 544. Pholiota, 171. 

Perizonlum. 20. Phormium, 312, 313, 314. 

Pernambnoo-tree, 468. Phragmidium, 140, 147, 

Peronooarpio asoocarps, _ 148, 151, 152- 

3 ^ 25 ^ Phragmites, 113, 131, 291, 

Peronospora, 101, 104, 294. 

105, 107. Phragmonema, 22, 2o. 

Peronosporaoeje, 104. Phrynium, 

Persea,393. lo >77 

Persica, 461. Phycoerytknn, 22, 77. 

Personatse, 505, 515, 517. Phycorayces, 99. 

Pertusaria, 140, 142. Pbyeomycetes, 1, 5, 

Petals, 235. ^ 06. , 

Petasites, 153, 569, 571. Pbycppbsein, 69. 

Petiveria, 372. ■ ' Pbycopyrrin , 16, 

Petroeelis, 84. Pbycoxantban, 69. 

. . Petunia, 518, 521. ^ Pbyiica, 448. 

PeucedaneiB, 496. Pbyllaebora, 1 31. 

Peueedanum, 496. Pbyllaetinia, 122. 

Pbyllactis, 560. ' 

Pbyllanthus, 431, 432. 
Phyiiitis, 70. 

Pbyllobium, 47, 51. 
Pbyllocactus; 377. ‘ 
Pbyllocladus. 260. 

, Phyllodia, 474, 

Pbyllodoce, 5.09. 
Phyllo^ossum, 228. 
Pbyllopbora, 83. 
Pbyllosipbon, 8. 
Pbyllo'sipbonacese, 47, 61. 
Pby salts, 521. 

Pbysarum, 6, 8. 

Pbysoia, 139, 143, 
Pbyscomitrium, 188,, 197. , 
Physiological Tarietiea, 41, 
Pbysoderma, 103. 
.Pbysostigma, 471, 473v 
Pbytelepbantinm. 301. 
Pbytelepbas, 299, 301, | 

302. ' , 

. Pbyteuma, 562. 
Pbytoamoebfie, 10, 61. 
Pbytolaccp., 372, - , ' 

iky 469,471, Phytolaccace®, 372.- 

' ■ Pbytomyxa^ 8. ^ 

213, 214. Pbytopbtbora, 101, 104, 

r6n,437. 105,106,, 

‘ ' Piakava, 297. ' - , „ 

^47*. ’ 1 Picea; 124,a29, 132, 155, 

303, 305. , 165, 265. 

19 ^ Picburim, 392. 

t3;. Pieraena, 438. ^ 

2k, 296. ' Pioris, 571.. 


^baeopbycese, 1,.14, 68. 
^hfeopbyi, $8. 

^bseosporeaa, 68. 
i*bffiotbamnion, 54. 
Phagocytes, 41. 

Pbajus, 332i 
?halaride8&, 295, 

?balaris, 295. 

Pbatlacese, 172. 
Pballoide®,; 9$, 145, 17,2, 
Pliallus, 172, 173. 
Phanerogams, 3, -2843 
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mato»ia;414- 

, platyeenum, -iw- 
Hatyoodon, 5W. 
piatystemon, ojo, 

•. ' piectonema, 24. 

. : piectranthus, 54i. 

Pleospora, IBO. 
pleosporacese, 

plenrandra, 413,. 
Pleuridiuxn, 19o- 
' pieurocarpi* 197. 

'Pleurococcacete, 
Pleurooocctis, 1^ 

Pleurorhizse. 400 

. Plenrotssniuni, 4 

' pleurothallis^ oo 
, ‘ pleutotus, 171* 

^Plocamium, B3. 

Plum, 117» l04, 

\ , piumbaginace^e, 
‘ ’ . plumbago,' 014. 
Plumeria, ‘544. 
f plumule, 247. 

Pueumatb-odiar 
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BliodocMton, 525, 
Rlaododendron, 161, 508. 
Bkodomela, 83. 
Bhodoraelaceffi, 83. 
Bhodophycero, 1, 14, 77. 
Bliodophyil, 77. 
Bhodopliynidaceas, 83. 
Bhodophyllis, 83. 
BliodoTacesQ, 335, 508. 
Bliodotypus, 457. 
Bhodymenia, 83, 84* 
Bhodymeniacei®, 83i 
Bhodymenial^s, 82, 84. 
Bhceadinse, 393. 
Bhopographus, 131, 
Bhnbarb, 359. 

Bhus, 439. 

Bhyneliosia, 471. 
Bbynchospora, 285, 286. ? 
Bbytisma, 132. 
Bibb6n-grass, 296. 

Bibes, 121, 152, 153, 241, 
454, 456.^ 

BibesiaeeeB, 454. . 

Eib-grass, 530. 

Biceia, 186, 189, 190.' 
Bicciacese, 190, 

Bioe, 291, 293, 296. 
Biobardia, 305. 

■ Bicbardsonia, 550. 

Bieinus , 431. , 

Biella, 192, 231. 
Biugworm, 180. 

Bivina, 372. 

BWiilaria, 10, 25. 
Biyulariacesa, 22, 24, 2o. 
Bobinia, 470, 473, 

Boccella, 142. 

Bock-cr6BS, 402. 

Bock-rose, 412. 

\ -. <* I • • ' 


Bay-flowers, 667. 

Beboulia, 191. 

Beceptacle, 210. 

Bed Algse, 1. 

Bed-beet, 372. 

Bed- cabbage, 405. 
Bed-clover, 466,^517. 
Bed-currant, 455. 

Bed-pine, 261, 266. 
“Bed-rot,” 164, 166. 

Bed Sandalwood, 473* 

Bed Seaweeds, 4, 77. 

Bed Snow, 48. 

Red-strip, 165. 

Bed-tree, 468. 

Reed, 151, 294. 

Beed-mace, 303. 

Reindeer Moss, 141. 
Reineckea, 314. 

Bemijia, 550, 553. 
Benealmia, 326. 

Beplum, 398. 

Reseda, 407. 

Besedacese, 406. 

Besin, 266. 

Best-harrow, 471. 
Bestiacese, 309. 

Bestio, 309. 

Bestrepia, 332. 

Betama, 472. 

Beticularia, 8. 

Betinospora, 268. 
Bbatnnacese, .447, 449. 
Khamnns, 151, 448. 
Bbapbidopbora, 305. 
Bhatany, 468. 

Bbeum, 151, 359, 360, 
Bbinanthaceee, 153. 
Bbinantbese, 525, 526- 
Bbiiiantbus, 526, 

Bbingia, 320. 

Bbipidium, 320. 

Bhipsalis, 375, 376, 377. 
Bbizidiacese, 103. 
Bhiizobolese, 4X5. 
Bbizocarpe«0, 205, 215. 
Bhizoolonium, 58. 
Bbizoids, 4, 10. 
Bhizomorpba, 169, 170. 
Bbizopacese, 99. 
Bbizopbora 482, 486, 487, 
, 513. 

Bbizopboracese, 482, 486. 
Bbizopbyllidacese, 84. 

’ BbizopbylHs, 84. 
Ebizopods, 5. 

' Rbizopogon, 175, 176. . 
Bbizopns, 99, 

-,-^1 . . nr\ 


Puya, 319. 

Pycnidia, 89. 
Pylaiella, 70. 
Pyrenoid, 46. 
Pyrenolicbenes, 142, 
Pyrenomyeetes, 95, 
118, 125. 
Pyrennla, 142. 
Pyrethrum, 572, 574. 
Pyrola, 334, 506, 507 . 
Pyrolacese, 506. 
Pyrropbyl, 16. 

Pyrus, 152, 463. 
Pythium, 101, 106. 


Quaking-grass, 294,. 2 
Quassia, 438, 439. 
Quassine, 438. 
Queroiflor©, 337, 340, 
Quercitron- wood, 348 
Quercus, 341, 346, 
348, 504. 

Quillaja, 457 , 460. 
Quillajefie, 457. 
Quill-Wort, 230. 
Quince, 464, 465. 
Qumcbamaliunx, 500 
Quinine, 550, 553* 


oinitrium, 197. 
liatsB, 571. 
bole, 247. 
liola,.418. 

Liolarias, 9. 
iisb, k03, 404, 405. 
lula, 192. 

Sesia, 504. 
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Spatlnilea, 137, 
Spearmint, 541. 
Specularia, 562, 

Speedwell, 525. 

Spergula, 366. 

Spergnlaria, B66. 
Bpermacoce, 550. 
Spermacocese, 550. 
Spermagonia, 116. 
Spermaphyta, 3. 
Spermatangia, 81. 
Spermatia, 13, 76, 77, 
141, 146. 

Spermatochnaoese, 71. 
Spermatoclines, 71. 
Spermatozoid, 13, 183. 
.Sperm-nucleus, 245. 
Spermocarp, 58. 
Spei-mogonia, 89, 141^, 

146,147,149. 
Spermothamniou, 84. ; 

Sphaoelaria, 70. 
Sphaceladaoese, 70; 
Sphacelia, 125, 126. ^ 

Sphacelotbeca, 110. 
Sphseralcea, 4301 
Spbserella, 48, 130. 
Spbserellacefe, 130. 
Sphseriales, 129.,. 
Spbs&robolaeesa, 173. 
Spbserobelus, 173. 

‘ Spbferocarpus, 191, 192. 
Spb«ereeGcoaoe86. 83. 
Spbserophorus, 142, 
Spbseroplea, 13, 14, 58. 
Spbferopleaceee, 47, 53. 
Spbserotbeea, 120, 121. 
Spbserozosma, 44. 

mo 


Selaginellacese, 231. Sinapis, 400, 402. 

Selaginelleas, 205, 223. Sipbocampylos, 563. 

Selago, 541, Sipbonese, 4, 9, 47, 59. 

Selenasferum, 51. Sipbonia, 434. 

Selenipedilum, 329, 330. Sipbonocladus, 62. 

Seligeria, 196. Sirosipboniacese, 22, 24, 

Seligeriacese, 196. 26. 

Semele, 316. Sisal bemp, 318. 

Sempervivum, 151, 451, Sisymbriinse, 404. 

452. Sisymbrium, 399, 402, 

Senebiera, 400, 401. 410. 

Senecio, 566, 569, 572, Sisyrinchium, 321. 

573, Sium, 494,. 498. 

Senecionese, 572. Skimmia, 437. 

Senna, 468. Skull-cap, 539. 

Sepals, 235. Slime-fungi, 1, 4, '5. 

Sequoia, 267, 272. Sloe, 461, 462* 

Serapias, 332. Sloth, 8, 356. 

Serjania, 441. Smilacese, 316. 

Serratula, 570, 574, Smilacina, 314. 

Serum, 33. Bmilax, 315, 316. 

Service-tree, 465- Smut,’^ 113, 130. 

Sesamum, 529. Smut-fungi, 114., 

Beseii, 495. Snake cucumber, 481. 

Seselinefe, 495, • Snapdragon, 523, 524. 

Besleria, 294. Snowberry, 554. 

Sesuviwm, 375. Snowdrop, 317. 

Seta, 186. Soap wort, 368. 

Setaria, 295. Soft-grass, 296. 

Sexual reproduction, 11. Boja, 471. 

Bbeep-seaweed, 84. Solanacese, 514, 518, 520, 

Shelve, 356, 434. 522. ' 

Bbepberdia,'450. Solanine, 522. 

Sbepberd’s-Jieedle, 495. Bolanum, 238, 521, 522'. 
Bbepberd’s-purse, 401. Soldanella, 513. 

Sherardia, 552. Solenia, 162. 

** Biebel,'’ 284, Solidago, 573. 

' « Sickle,’^' 284. . Sollya, 455. 

Bicyos, 481.; ‘ " Solomon’s seal, 314.* 

Sida, 428, 430. Sonebnsi 163, 571, . 

Bxderitis, 538., , Sopbora, 469: 

Sideroxylon, 511^ Sopborese, 469. 

Sigillariaceae, 233., Sorbus, 152,* 465. 

Silaus; 495. s Sordaria, 129. 

‘ Bilenea, 367. Sordariacea, 129. 

8ilepe,B67. Soredia, 141- 

, Slier, 495. , Sorghum, 296. 

epi^^.S0. Bory ^5. . . ' V 

■ Silieulosa angustisepia, Sorocea, 356. ' i' 

, . Sorrel, 361. , ^ ; 

. latisepta, 400. Southernwood , 574. 

‘ ' ^ ; Sow-tbisHe, 571.^ /: ' 
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ipirolobese, 671,400. 
;pirot8Stiia? 44, 
JpirnUna, 24. 
Splacjiaace®, 197. 
Splaelmam, 190, 19 
3poix<iias, 439. 

Sponges, 8. 
Sporangia, 2o9. 

Sporangial-layers, « 

'Sporangiocarp, 88. 
feporangio - fructi& 


5oreB, 10. Ts- i ‘ 

Iliberation and Distci- 
Totitioa oi, 91. 
(jermirtatioiL o^f, 93. 
poridia, 112. 

;porbbolus, 295. 
Sporocarp, 

JporocTmace®, 71. 
Jporochnus, 7,1* 

Sporopbyta, 1^1» 


Stinkbrand, US. 
stink-born, 172, 173, 

Stipa, 291, 29^ 296. 

Stitobwort, 3bb. 

St. John’a-wort, 413. 
Stock, 402, 466. 


E:Ttoai:295,296. 
Swertia, 642. 
Swietenia, 436. 
Strine’Mnecprt - w • 
^camoro, 186* 442. 
‘Synibiosis,’ 85. _ 
SympetaltB, 336, 60^ 

Sympboripar^l* 6»4, 

l3gtt3,S 

Symploea, 24, 

Byna»dOTm,.3W« . 
Syaanginm^^^?12. 

tails, lOO- 


Stonebrand, US. 
|to€drop'451. 
Btoue-wort’, 1, 
Btork’S'bill, 4p. 
,'^tratiotes, 232; 

4o8. ^ 

^ S25. 

Streptooaitpas,|^ 
Streptoebseta, *&9 
I Bfereptbcocons, Sy 

mrentopiis, S14. 


StronaaV'^* 

Btroroanttbe, 
ISfcropbaBtbLns, ,t. 
Stnitb.iopteTxa, - 

, 

,B<irtLW; 9,* 02. 
Btryclniine^546 

BtT^irinia, S62.^ 

gtyj^ar-cotamn. 


Synbepi 

Synchy 

Syncby 




Stylidinm. ob4*.y 
StylocbryBalis, lo* 

Stylopod, 492. 
Stypbeiia, 509. 
Btyraoac€8B, oi-i' 

Styrax, oil. 
-Styraa-balsaTO, 4o5. 

Subbwebi^.^y|5i 
Snbnlaija, 393, o®- 
, 401. 


|=ri64,3^.306. 

I’SteiUega Plants, 1* 
'fBtemonitis, 7, 8. _ 

(Stephanospetin'am, ^ i * 

i:BtepJianospb?0xai 48.' ■ 
+Steronlia, 422. , ^ ^ 
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Tritonia, 321. 

Trmmfetta, 424. 42o. 
Trollius, 379, 381. 
TropsBolaceEe, 419. 
Tropseolum, 420. 

True S'erns, 204, 205, 

True Laurels, 391. 

True Mosses, 192. 

Truffles, 124. 
Trumpet-tree, 3ob. 
Trumpet- wood, 529. 
Tryblidiaceee, 133. 
Trybiidiales, 133. 
Tryblidiuin, 133. 

Tsuga, 265, 266. 

Tuber, 124. 

Tuberacese, 124. 

Tubercles, 8, 466. 
Tubercularia, 127. 
Tuberose, 318. 

TubiflorEe, 505, 514, 532. 
Tuburciiiia, 110, 111, 113. 
Tulip, 312. 

Tulipa, 312, 314. 

. TulipesB, 312. 

Tupa, 563. 
Turkish-millet,. 296. 
Turmeric, 326. 
Turneracese, 476. 

Turnip, 405. 

Turpentine, 266, 439. 
Turritinse, 404. 

Tussilago, 151, 569, 571 
574. 

Tydasa, 528. 

Tylostoma, 174. 
Tylostomace^e, 174. 
TypLa, 302, 303. 
Typhacese, 302. 

, Typbula, 161. 

Llex, 472. 

TJllucus, 371, 372.. 
XJlmacese, 351. 

TJlmeee, 351. 

TJImus, 351. 
Uiothricacea, 47, 53. 
XJlothrix, 12, 14, 53, 54. 
Ulra, 10, 53. 

; TJlvacese, 47, 53. 

' XJmbelliferae, 491. 

, Umbellifloraj, 490. 

, XJmbilicaria, 143, 
Umbilicus, 451. 

Uncaria, 553, 

Uncinia, 287. 

Uncinula, 122. 
Upas-tree, 356. 

Ur are, 546. 

Uredinaeeae, 145, 146. 
14 ^. ^ ' 

, 4 ;” ■ 




Urena, 428. 

Urenese, 428. 

Urgiuea, 312, 314. 
Urocystis, 113. 

Uroglena, 15. 

Uromyces, 148, 151. 
Urophlyctis, 103. 

Urospora, 58. 

Urtica, 134, 151, 351, 353. 
Urticacese, 352, 

Urticiflorse, 351. 

Usnea, 143. 

Ustilaginacese, 110, 113, 
Ustilaginese, 109. 

Ustilago, 111, 113. 
Ustulina, 131. 

Utrieularia, 527, 528. 
Utriculariaceee, 518, 527. 
Utriculus, 287. 

Uvularia, 310. 

Vaccines, 41. 

Vacciniacete, 451,50^, 509 
Yaecinium, 134, 160, 161, 
509,510. 

Yaginula, 189. 

Yabea, 544. 

Yaillantia, 552. 

Valeriana, 557, 553. 
Yalerianacese, 649, 556. 
Yalerianella, 557, 558. 
Yallisneria, 282, 283. 
Yalloons, 348. 

Yallota, 318. 

Yalonia, 59, 62. 
Yaloniacese, 47, 62. 

Yalsa, 130. 

Yalsacese, 130. 

Yanda, 332, 

Yandellia, 525. 

YandeJe, 332. 

Yaniba, 331, 333. 
Vascular Cryptogams, 2, 
198, 240. 

Isosporous, 200. 
Heterosporous, 200 
Yateria, 415. 

Yaucberia, 10, 33, 61. 
Yaucheriacese, 47, 60. 
Vegetable-ivory,^ 301, 302 
Yegetable-silk, 545. , 
Yelamen, 832. 

Yella, 400. 

Yellinse, 404. 

Yellosia, 318. 

Yellosie^, 318. 
Yelltbeimia, 312. 

Velum partiale, 167, 168 
universale, 167. 
Venter, 184. 
Yentral-oanal-cellj 19^ 


Yenturia, ISO. 

Yeratress, 310. 

Yeratrin, 311. 

Yeratrum, SIO, Sll. 
Yerbascum, 623, 526, 627. 
Verbena, 535. 

Yerbenaceas, 532, 535, 537. 
Yernbnia, 571. 

Veronica, 335, 523, 525, 
526, 527, 530, 536, 
559. 

Yerpa, 136. 

Yerruearia, 140, 142. 
Yesicaria, 400. 

Yetcb, 470. 

Yibriones, 27. 

Viburnum, 456, 553, 555, 
556. 

Yioia, 469, 470, 473. 
Yiciesa, 469, 470. 

Victoria, 386, 387. 
Yigna,471. 

Vinca, 544. 

Yincetoxicum., 155, 546, 
Vine, 121, 444. 
Vinegar-bacterium, 31, 32, 
• 35."' ■ 

Viola, 410, 411. 

Violaceae, 410. 

Violets, 114, 410. 
Yiolet-stone, 54. 
Yiper’s-bugloss, 533. 
Virginian -creeper, 447. 
Yiscaria, 364, 367. 
Yiscoidese, 501. 

Yiscum, 501, 502, 504. 
Yismia, 414. 

Yitex, 535. 

Yitis, 445, 446, 447^ 

'\ Yochysiacese, 442. 
Yolkmannia, 225. 

Yolva, 167. 

Yolvaria, 171. 
Yolvocaceee, 14, 47, 48. 
Yolvox, 48, 50. 

Yomic nut, 546. 
^‘Yorbiatt,^’ 275. 

Wablenbergia, 562. , 
Wallflower, 402, 405. 
Wall-lichen, 143, 
Wall-rue, 213. 

Walnut, 165, 349, 350. 
Water-cress, 402, 405. 
Water-dropwort, 498. 
Water-ierns, 2u6, 215. 
Water-fungi, 96- 
Water-hyssop, 525. 
Water-lilips, 385. 

1 Water-melon, 481. 
Water-milfon* 486. 










